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E.0 FATE AND TRANSPORT PROCESS

Contaminant fate and transport in the environment may be controlled by a number of factors
such as the chemical and physical properties of the contaminants, the geologic formations
encountered, the hydrogeologic conditions (vertical and horizontal groundwater gradients,
conductivity of the aquifers, and seasonal fluctuations in the groundwater table), precipitation,
tidal fluctuations, and topography of the study area. By evaluating the patterns of contaminant
distribution and the transport pathways available, it is possible to identify key factors governing

contaminant migration within the OU3 study area.

Chemical and biological processes may cause the transformation into other compounds,
affecting the fate and transport of contamination. Chemical or biological degradation may be a
significant factor for contaminant fate and transport within the OU3 study area; however,; the
results of the RI concentrations in various environmental media have been fairly constant over
time for the contaminants within the OU3 study area. In addition, several of the contaminants
are either difficult to biodegrade, or do not transform under normal environmental conditions
(i.e. asbestos, PCBs, some metals). Therefore, no further evaluation of chemical or biological

processes will be discussed in this RI.

Section E.1 summarizes the dominant transport mechanisms in the environment. Section E.2
discusses the properties of the chemical contaminant which influence their fate and transport.
Section E.3 summarizes the contaminant sources and releases to the environment within the
OU3 study area associated with historical disposal and operational practices associated with
the Raymark Facility. Section E.4 provides a discussion of the physical states of contaminants

in the various environmental media within the QU3 study area.

E.1 Major Fate and Transport Processes

Contaminants in natural systems are subject to a variety of physical and chemical interactions
that influence their fate, and subsequent transport, in the environment. The basic processes
governing contaminant transport include advection, diffusion and dispersion, decay, and
retardation. Additional mechanisms support fate and transport of chemical contaminants on a

smaller scale. The processes are described below.
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E.1.1 Advection

Advection is the bulk movement of a dissolved-phase or particulate contaminant within a
natural fluid flow (air or water) in response to a potential gradient such as pressure (hydraulic
head), temperature, or concentration. In the environment, advection is the dominant transport
mechanism controlling the physical transport of contaminants. Under advective transport, a
contaminant present in air or water is passively carried at the same velocity as the fluid.
Examples of advective transport include migration of: contaminant plumes in groundwater
downgradient of unlined lagoons, contaminant plumes in surface water downstream of
outbreaks to rivers and streams, dust clouds/air emissions downwind on an uncontrolled

excavation, and bulk movement of contaminants as the result of tidal fluctuations.

E.1.2 Diffusion and Dispersion

In environmental systems, diffusion and dispersion are often considered concurrently in the
transport of chemical contaminants through plume spreading and reduction in peak

concentrations over time. However, the two terms represent distinct transport processes.

Diffusion is generally viewed as the slow migration of dissolved contaminants, in response to a
concentration gradient, from areas of higher concentrations to areas of lower concentrations.
Because this transport process occurs on the molecular scale, its affect is typically small in
comparison to the forces driving the more rapid advective processes. Diffusion, however, may
be significant in aquifers that have clayey sands and silts with low groundwater velocities; and
it may be the dominant transport process for the movement of soil gas. Diffusion also plays a

role in adsorption and other chemical properties discussed in Section 5.2.

Dispersion, on the other hand, is a mechanical process resulting from fluid-flow irregularities
which cause contaminants to follow an indirect path from their point of origin. These tortuous
and intertwining pathlines (caused by rough spots on or within the ground surface or a pipe
wall) lead to mixing and spreading of the contaminants. The flow path irregularities may also
arise at faster velocities and under conditions of turbulent flow. In groundwater systems, the

contaminant pathway becomes more convoluted as the degree of subsurface heterogeneities
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increases. Typical heterogeneities affecting groundwater flow include changes in porosity,

hydraulic conductivity, and layering in the aquifer.

Examples of transport by diffusion and dispersion include movement of contaminants within:
confined and unconfined aquifers, vadose zone groundwater, surface water, and the

atmosphere.

E.1.3 Decay

Decay of organic chemical contaminants occurs by biological and non-biological means. In
biological decay or biodegradation, chemical transformations are mediated by the extracellular
enzymes synthesized by microorganisms residing in soil and aquatic media. These enzymes
may be produced for the sole purpose of breaking down organic contaminants as a food
source for the microorganisms (metabolism) to catalyze chemical decomposition for some
other purpose (cometabolism). Mechanisms of non-biological decay include hydrolysis,
photolysis, oxidation, reduction, and methylation. Photolysis, or photo-oxidation, is limited to
situations where sunlight is present at the soil surface and in the upper few feet of most

surface water.

Although various decay mechanisms may be important in specific environments,
biodegradation often comprises a significant portion of the overall decay rate. Chemicals that
were not originally present at the site may be produced. In some cases, these daughter
products such as vinyl chloride may be more toxic than the original compounds released.
Alternatively, biodegradation can significantly reduce the chemical hazards at a site by
transforming chemical contaminants to harmless constituents, such as carbon dioxide and

water.

Furthermore, depending on the microorganisms and contaminants present, biodegradation can
occur under aerobic or anaerobic conditions. However, due to its slow rate in the absence of
artificial stimulation, aerobic biodegradation is rarely observed at hazardous waste sites.

Anaerobic biodegradation is a much more common occurrence.
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E14 Retardation

Adsorption-desorption reactions lead to the retardation of contaminant plume migration in
groundwater flows, as well as of contaminant movement along the boundaries of surface water
flows. Contaminants, moving by advective transport in the direction of the groundwater flow,
are slowed down due to the presence of chemical interactions. The cause of this behavior is
based on the concept that during some of the contaminant's travel time, a given contaminant
may become adsorbed to stationary soil particles and, therefore, will not travel along with the
bulk groundwater flow. Only upon desorption will a contaminant rejoin the groundwater fiow.
As a result, the overall travel time of a groundwater contaminant will increase due to the time
spent stationary while adsorbed on soil particles. This retardation phenomenon can also occur
in contaminant movement in surface water flows. Surface water contaminants that come into
contact with sediment lining the flow path may also become adsorbed. As with groundwater
contaminants, adsorption of organic compounds onto sediment particles in the surface water
flow is influenced by the organic carbon content of the sediment; adsorption of metals is also

influenced by the presence of metal oxide coatings on the soil/sediment particles.
EA1.5 Additional Mechanisms

Additional mechanisms, generally secondary in importance, affect fate and transport on a
smaller scale. These mechanisms include partitioning, dissolution and precipitation, and biotic

uptake.

Partitioning - Chemical contaminants are separated and distributed between various
environmental media based on a variety of partitioning coefficients adopted from various
engineering disciplines. These include an air-water partitioning coefficient based on the
Henry’s Law constant (K), an octanol-water partition coefficient (Kow) depicting the ratio of
solute concentration in octanol (an organic solvent) to that in water, and a soil-water partition
coefficient (Ky) derived from the Kow and the amount of carbon-containing material in the soil.
These partition coefficients, based on the chemical properties of a particular contaminant, are

described in Section 5.2.
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Dissolution and Precipitation

In the environment, water naturally contains detectable quantities of a number of inorganic
constituents (metals and salts). These constituents may be present in precipitation or may be
the result of surface water runoff, or groundwater contact with, and dissolution of soil particles
and rock surfaces. The amount of dissolved species present depends on the solubility of the
individual constituent, as well as on the time and degree of contact between the water and
soil/rock surfaces. Furthermore, once in solution, dissolved constituents may retumn to their

solid form by precipitation onto soil/rock surfaces.

Under equilibrium conditions, the balance between precipitation and dissolution of an inorganic

constituent in a natural water system depends on a number of factors, including:

Acid/Base Chemistry - The balance between H' and OH", expressed as pH, is a

dominant control on aqueous solubility of many inorganics. Typically, the aqueous
solubility of many metals increases as pH decreases and the water becomes more
acidic. These effects are most notable in areas surrounding mine tailing dumps, as well

as in areas where large quantities of acidic wastewater have been disposed.

Oxidation State - The presence of dissolved oxygen and other oxidants influences the

ratio of stable states of various inorganics and, therefore, impacts their overall solubility.
Reduction-oxidation or redox potentials can also be influenced by biological activity
related to contaminant degradation. For example, the dissolution of iron in the
environment is strongly influenced by redox reactions which are both biologically and

non-biologically mediated.

Bulk Chemistry - The concentration of dissolved inorganics and other solutes

determines the type of chemical compounds and complexes that can form, and
potentially affects their overall stability. In addition, the total concentration of dissolved

ions or ionic strength can affect the solubility of chemical contaminants.

Complexation - Certain soluble organics can form strong chemical bonds to metal ions

in solution forming chelates and coordination complexes. These complexes tend to “tie
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up” the metal species either in solution thereby preventing them from being adsorbed or

precipitated onto soil/rock surfaces, or in an insoluble form that precipitates readily.

Biotic Uptake

A limited quantity of chemical contaminant fate and transport may also be the result of biotic
uptake in plant and animal tissue. Typically, organic compounds are absorbed and retained by
biotic materials depending on the individual compound’s solubility in lipids (fats and oils)
present in the plant and animal tissue. Because many of these lipid-soluble compounds have
poor solubilities in water, the organic compounds that are easily adsorbed onto organic carbon
in soil are also easily accumulated in plant tissue. Uptake of metals, on the other hand,
generally increases with increased water solubility and decreased ability to adsorb onto soil

particles.

Biotic uptake in plants primarily occurs through the root system. However, adsorption of
aerially-deposited dusts and aerosols through plant leaves may also be significant. For most
animals, contaminant uptake occurs through the food chain. However, benthic organisms
(those living in the bottom sediments of a water body) appear to take up contaminants through

direct ingestion and physical contact.

E.2 Chemical Properties that Influence Contaminant Fate and Transport

Several chemical properties strongly influence the fate and transport of contaminants in the
environment. Each property, along with its relationship to the various fate and transport

properties, is defined below.
E.2.1 Water Solubility
Water solubility is one of the primary chemical characteristics used to assess chemical fate
and transport in the environment. The water solubility of a chemical contaminant provides

considerable insight into its mobility, stability, tendency to adsorb to soil or sediment, and

propensity to accumulate in the environment or bioaccumulate in the food chain.
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Chemicals with high water solubilities, greater than 1000 mg/l or 0.1 percent (Ney, 1990), will
have a tendency to remain dissolved in the water column and will not likely partition to
soil/sediment particles or accumulate in the environment or bioaccumulate in aquatic
organisms in the food chain. Highly soluble chemicals are less likely to volatilize from water
and are generally more prone to biodegradation and metabolism. As these characteristics
indicate, chemicals with higher water solubilities are more likely to be mobile, and therefore

less likely to persist, in the environment.

Conversely, chemicals with low water solubilities, less than 10 mg/l or 0.001 percent (Ney,
1990), are generally less mobile and are more likely to adsorb to soil/sediment particles,
accumulate and/or bioaccumulate, and persist in the environment. Low solubility chemicals

tend to biodegrade or be metabolized less readily in plants and animals.

Many of the VOCs identified during the Rl have moderate to high water solubilities. These
included: the ketones with the highest solubilities (ranging from very high to miscible), most of
the chilorinated compounds with high solubilities, and the aromatic compounds generally with
moderate solubilities. The ketones would, therefore, more readily enter into an aqueous
solution and migrate in groundwater and surface water than other VOCs. The remaining less
soluble VOCs, the SVOCs, with pesticides/PCBs, the dioxins/furans, the metals, and asbestos
detected in the study area are more likely to stay adsorbed to soil and sediment particles and

be less mobile.
E.2.2 Octanol-Water Partition Coefficient (Kow)

The octanol-water partition coefficient (Kow) is @ measure of the tendency of an organic
compound to partition between organic (in this case, octanol) and aqueous phases. The
chemical-specific Kow is an indicator of its water solubility, mobility, sorption, and
bioaccumulation. It has also been shown to correlate well with bioconcentration factors in

aquatic organisms and the adsorption to soil and sediment (Howard, 1990).

The higher the Kow value of a specific chemical, the greater is the chemical's potential for

sorption to soil/sediment particles, the lower its mobility, and the more likely it is to accumulate
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in the environment and bioaccumulate in the food chain. A high Kow, greater than 1000 (Ney,
1990), is indicative of low water solubility and greater persistence in the environment.

Conversely, the lower the Kow value, the greater is the chemical’s potential to biodegrade and
be metabolized by plants and animals. A low Ko, less than 500 (Ney, 1990), is indicative of

high water solubility, high mobility, and little or no accumulation or bioaccumulation.

The VOCs identified in the study area have widely varied Kow values. These included: the
ketones with the lowest Kow values; the chlorinated compounds with generally low Kow values,
with the exception of tetrachloroethene (PCE) with a high Kow; and the aromatic compounds
generally with low to moderate Kow values, except for ethylbenzene with a high Kow. The
VOCs, as a group, have a stronger tendency to enter into an aqueous solution and migrate in
groundwater and surface water than the other organic compounds. Most other organic
compounds detected in the study area have high Kow values, indicating a stronger preference
to adsorb to soil/'sediment particles and be less mobile. Metals and asbestos also preferentially
adsorb to soil/sediment particles, due more to their low water solubilities rather than their ability

to partitioning between organic and aqueous phases.
E.2.3 Adsorption Partition Coefficient (K4& Koc)

The adsorption partition coefficients (K4 and Koc) are measures of the tendency of an organic
contaminant to bind to soil or sediment particles. Adsorption coefficients are useful in
evaluating the mobility of contaminants in the subsurface media. Ky is an experimentally
derived coefficient which measures the tendency of a chemical to sorb to a particular soil/
sediment media. The K;is both a chemical- and a sorption media-specific coefficient related to
the organic carbon content of the media. Ko, the organic carbon partition coefficient, is a
chemical-specific value derived by dividing K4 by the organic carbon content of the sorption
media in order to normalize the value to the organic carbon content of the media. Koc is
defined as the ratio of the amount of chemical absorbed per unit weight of organic carbon in

the media to the concentration of the chemical in solution at equilibrium.
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Chemicals with high adsorption coefficients have a tendency to bind to soil/sediment particles
containing organic carbon and are, therefore, relatively immobile in groundwater. A relationship

developed between an organic compound’s Koc and its mobility is as follows (Dragun, 1988):

Koc_(ml/g) Mobility Class
>2,000 Immobile

500-2,000 Low Mobility
150-500 Intermediate Mobility
50-150 Mobile

<50 Very Mobile

Most of the VOCs identified in the study area have low to moderate Koc values. These
included: the ketones with the lowest Koe values; and the chlorinated and aromatic compounds
with low to moderate Koc values, with the exception of PCE with a high Koc. The VOCs, as a
group, have a low tendency to adsorb to soil/sediment particles and are, therefore, more
mobile in the environment than the other organic compounds. Most other organic compounds
detected in the study area have high Koc values, indicating a tendency to sorb to soil/sediment
particles and be more persistent in the study area. Metals and asbestos also preferentially

adsorb to soil/sediment particles, due in large part to their low water solubilities.

E.2.4 Vapor Pressure

Vapor pressure is a measure of the ability of a compound volatilizing from the pure liquid
phase into the vapor phase. It provides an indication of the rate at which a chemical will
volatilize from soil, sediment, or water. This property is of primary significance at environmental

interfaces, such as surficial soil/air, surficial sediment/air, and surface water/air.

Chemicals with higher vapor pressures are expected to enter into the vapor phase more
readily than those with lower vapor pressures. If chemicals with low vapor pressures (less than
10"° mm Hg) are present in the atmosphere, they are most likely associated with adherence to

suspended particulate matter.
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VOCs all have relatively high vapor pressures and will, therefore, tend to enter the vapor
phase in the presence of air. Vapor pressures for the major groups of VOCs identified in the
study area (ketones, chlorinated hydrocarbons, and aromatic hydrocarbons) are generally
many orders of magnitude higher than vapor pressures for SVOCs, pesticides/PCBs, and
dioxins/furans. The VOCs identified in the Rl are likely to volatilize from the soil into the soil
pore space in the vadose zone, and from surface water into the ambient air. Metals and

asbestos, having very low or immeasurable vapor pressures, do not readily volatilize.

E.2.5 Henry’s Law Constant (K)

Henry’s Law Constant (K) is an air-water partition coefficient which serves to indicate the
tendency of a chemical to volatilize or evaporate from water. K can be expressed as
dimensionless (relating the concentration of a chemical in the vapor phase to its concentration
in water at equilibrium conditions) or with units (representing the ratio of the vapor pressure of

the chemical in atmospheres to its water solubility in moles/m®).

In general, chemicals with low K values (less than § x 10 atm-malmole) have a low tendency
to volatilize from surface water into the ambient air or from groundwater into the soil pore
spaces. For chemicals with higher K values, volatilization and diffusion into the ambient air

and/or soil pore spaces could be a significant fate and transport mechanism (Dragun, 1988).

The VOCs identified in the study area all have moderate to high K values. These included: the
ketones with moderate K values; and the chlorinated and aromatic compounds with high K
values. The VOCs would, therefore, be likely to volatilize from the aqueous phase to the vapor
phase. Most SVOCs, pesticides/PCBs, and dioxins/furans detected in the study area have low
to moderate K values, indicating they are less likely to volatilize from the aqueous phase.
Metals and asbestos, having very low or immeasurable K values, do not readily volatilize from

the aqueous environment.
E2.6 Specific Gravity

Specific gravity is defined as the ratio of the weight of a given volume of a pure chemical at a

specified temperature to the weight of the same volume of water at a given temperature.
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Specific gravity indicates the tendency of a chemical to float or sink in water given that it is

present in its pure form or at a very high concentration.

For contaminants that exist in a separate phase from the water, those with specific gravities
less than 1 (such as aromatic hydrocarbons and ketones) will tend to rise or fioat to the top of
the water column as a sheen or top layer. Contaminants with specific gravities greater than 1
(such as most chlorinated hydrocarbons, pesticides/PCBs, and dioxins/furans) tend to mix
and/or sink in the water column. Since metals and asbestos generally have low water
solubilities, and do not readily exist in the environment as a separate phase, they due not tend
to either rise or sink in the water column based on their specific gravities. Instead, they may

rise or sink along with particles to which they might adsorb.

E.3 Physical State of Contaminants in Environmental Media

The physical state in which contaminants exist in various environmental media dictate the
manner in which they may migrate or be transported. The phases in which organic and
inorganic contaminants may be present in the sediment/soil and surface water/pore water
within the OU3 study area, as well as the potential to migrate from these phases, are
discussed below. Issues related to groundwater contaminants are addressed in a qualitative
fashion as it relates to the migration of contaminants to or from soil/sediment and surface

water.

E.3.1 Soil/Sediment Contaminants

Organic and inorganic contaminants introduced at the ground surface through spills,
discharges, or disposal may contaminate the underlying soil/sediment, migrate to
downgradient groundwater and surface water/pore water sources, and/or be discharged into
the atmosphere. These contaminants may be present in soils and sediment in three principal

physical phases: solid, liquid, or vapor.
Solid Phase - Inorganic contaminants (metals and asbestos) are often present in the solid

phase, as bulk solids or as suspended particulates in aqueous discharge, when disposed on

the surface or into the subsurface. In the solid phase, inorganics are relatively immobile in a
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soil or sediment matrix unless the particle sizes are sufficiently small that migration may occur
as a suspended particle or colloid. Solid phase metal contaminants may also be broken down
and/or leached by precipitation or subsequent liquid spills that solubilize the inorganic

constituents, and may thereby become mobile.

Organic contaminants are rarely present in the environment in the solid phase.

Liquid Phase - Most of the organic contaminants related to industrial sites are present in the
liquid phase (as a separate product or a mixture of liquid chemicals) or in the aqueous phase
(dissolved in a water-based solution). Once these liquids enter unsaturated soil or sediment,
several processes may occur. The organic contaminants may: (1) become adsorbed to the
soil/'sediment matrix because of low water solubilities, high soil/sediment organic carbon
partition coefficients, and/or high soil/sediment organic content; (2) remain in a liquid phase in
the soil/sediment pore water spaces as a result of pore size and interfacial tension; or (3)
volatilize into soil/sediment pore spaces if the contaminants have high vapor pressures or high
air-liquid partition coefficients. If present in sufficient quantity, a liquid contaminant may migrate

downward under the influence of gravity and enter underlying groundwater.

Metals may also be present in the liquid phase, as dissolved ions. In low pH conditions, more
metals are apt to be present as dissolved ions and are, therefore, more readily available to
mobilize. For instance, aqueous acid solutions used for cleaning metal surfaces contain
numerous dissolved metals. If the solution is discharged into soil/sediment, some of the metals
may remain in the aqueous phase and/or additional metals present in the soil/sediment may
dissolve, if the pH is sufficiently low. In addition, some metals may precipitate from solution in
the presence of minerals in the soil/sediment matrix and become adsorbed onto soil/sediment

particles.

Asbestos is not present in the environment in the liquid phase.

Vapor Phase - Organic contaminants, principally VOCs, present in an unsaturated soil or
sediment matrix may volatilize into the pore spaces and migrate through the soil/sediment if

the vapor pressure is sufficiently high. Once in the vapor phase, VOCs can migrate readily if

no barriers impede their movement.
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Other organic contaminants (with lower vapor pressures), as well as inorganic contaminants,

are not typically present in the environment in the vapor phase.

E.3.2 Surface Water Contaminants

Organic and inorganic contaminants introduced at the ground surface through spills,
discharges, or disposal may contaminate the surface water, migrate to underlying
soil/sediment and groundwater sources, and/or be discharged into the atmosphere. These
contaminants may be present in surface water in three principal physical phases: solid, liquid

(aqueous or non-aqueous), or vapor.

Solid Phase - Metals, asbestos, and some organic compounds that are either insoluble or
otherwise remain undissolved in water may migrate in the surface water as suspended
particulates or colloids. Metal ions may also adsorb to the surface of colloidal particles, through

surface attractions, and migrate through the surface water.

Aqueous Liguid Phase - Dissolved aqueous phase organic and inorganic contaminants

present in surface water may be transported simultaneously by three processes: advection,
mechanical dispersion, and molecular diffusion. During transport, contaminants may interact
with other aqueous-phase contaminants and ions. A variety of chemical, physical, and
biological interactions can significantly retard or accelerate the rate of contaminant transport,

or transform the contaminants into other chemicals or phases.

Undissolved organic and inorganic contaminants, as well as asbestos, are not present in the
environment in the aqueous liquid phase. In surface water or groundwater aquifers, they are

generally present as solid particulates or colloids.

Non-Aqueous Liquid Phase - Non-aqueous phase liquids (NAPLs), such as organic solvents or

fuels containing little or no water, may exist in surface water as a separate/immiscible liquid.
Contaminants present in this phase behave differently than those dissolved in the aqueous
phase. NAPLs are a continuing source of dissolved-phase organics to surface water and
groundwater. Because NAPLs have limited surface areas relative to their volume, dissolution

may extend over an indefinite amount of time.
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Dense NAPLs (DNAPLs), such as TCE which has a higher density than water, tend to migrate
vertically downward under the influence of gravity in response to both the physical properties
of the contaminant and the characteristics of the surface water (or underlying groundwater
aquifer). Contaminant properties influencing transport include density, viscosity, and interfacial
tension. Groundwater aquifer characteristics influencing transport include pore size,
permeability, general stratigraphy (location and topography of low-permeability units), and
micro-structures (such as small fractures in subsurface soil media or bedrock) (EPA, 1992).

Light NAPLs (LNAPLs), such as toluene which has a lower density than water, are generally
present near the surface of surface water sources (or at the water table surface of
groundwater aquifers). LNAPLs tend to migrate laterally along the top of the water surface in
response to the organic properties and groundwater aquifer characteristics described above
for DNAPLs.

Metals and asbestos are not typically present in the environment in the non-aqueous liquid
phase. If present in surface water or groundwater aquifers, they are generally found as solid

particulates or colloids.

Vapor Phase - Organic contaminants, principally VOCs, present in surface water may volatilize
into the atmosphere if the vapor pressure is sufficiently high. Once in the vapor phase, VOCs

can migrate readily if no barriers impede their movement.

Other organic contaminants with lower vapor pressure, as well as inorganic contaminants, are

not typically present in the environment in the vapor phase.

E.4.1 Contaminant Fate and Transport in Sediment and Surface Water — Ferry
Creek and Adjacent Wetlands

Various chemical contaminants are present in the sediment and surface water in the Ferry
Creek channel, and in sediment in the wetlands adjacent to the channel, the western reaches
of the ditch extending from Ferry Creek westward between properties located at 250 and 230
Ferry Boulevard, and in the single location sampled in the triangular-shaped property between

East Broadway and Ferry Boulevard. Several pathways are available for contaminants to have
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entered these media, and for them to subsequently be transported downstream and/or to

adjacent media.

The chemical and physical properties of the chemical contaminants affects their ability to
migrate into the sediment and surface water in the Ferry Creek Area, and to subsequently be
transported to adjacent media. Contaminants with high soil/sediment adsorption coefficients
and low water partition coefficients would tend adsorb to the sediment particles. These
contaminants are apt to remain localized in undisturbed sediment, or to migrate on sediment
particulates transported by surface water flows, rainwater runoff, tidal fluctuations, or
groundwater discharge. Contaminants adsorbed to sediment particles may later become
desorbed and/or dissolved following contact with solvents or acids, if present. Contaminants
with low soil/sediment adsorption coefficients, high water partition coefficients, or high water
solubilities would tend to remain in solution and be free to migrate with naturally occurring

waters.

Groundwater discharge to the creek, tidal fluctuations, and seep areas along the Ferry Creek
channel may also cause contaminants to be transported into and/or pass through the
sediment. Again, those contaminants with high soil/sediment adsorption coefficients and low
water partition coefficients would tend to adsorb to the sediment particles; while those with low
soil/sediment adsorption coefficients, high water partition coefficients, and high water
solubilities would tend to remain in solution and be free to migrate with natural water sources.
Groundwater discharges and seeps containing organic solvents or acids may also cause
leaching of chemical contaminants from the surface of sediment particles, and subsequent

migration into naturally occurring waters.

The fate and transport of contamination is, therefore, dependent on the type of chemical
contaminant present. A discussion of the fate and transport of the various categories of
chemical contaminants in sediment and surface water throughout the Ferry Creek Area is
presented below. Since no elevated levels of SVOCs or PCBs were present in surface water
samples throughout Ferry Creek, and since no samples were collected for analysis of
dioxins/furans and asbestos (since these contaminants are virtually insoluble in water), the fate

and transport discussion related to surface water is limited to VOCs and metals.
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VOCs - Due to their high water solubilities, low soil/sediment partition coefficients, and low
octanol-water partition coefficients, VOCs in a sediment/surface water environment tend to
remain dissolved in, and free to be transported by, the aqueous media; they do not readily
adsorb to sediment particles. Furthermore, VOCs present in surface sediment located in
relatively dry locations have more of a tendency to volatilize into the atmosphere than other
organic contaminants due to their high vapor pressures. VOCs present in surface water
(especially in regions of high turbulence or aeration) also have a tendency to volatilize into the

atmosphere due to their high vapor pressures and high air-water partition coefficients.

These chemical properties support the infrequent detection of elevated levels of VOCs in both
surface and subsurface sediment throughout the Ferry Creek channel and the adjacent
wetland areas, and the corresponding frequent detection of elevated levels of VOCs, primarily

chlerinated hydrocarbons, in surface water throughout the length of Ferry Creek.

In the sediment, the highest concentration of an individual VOCs (3,400 ug/kg 1,1-DCA;
detected more than an order of magnitude greater than any other VOC) was detected in
surface sediment in the Ferry Creek channel just upgradient of the culvert under East
Broadway in Area A-1. At this location, the surface water flow was slow moving and the
channel was deep, factors may have resulted in deposition of sediment, higher organic-content

silts, and/or DNAPLs that could encourage adsorption of VOCs onto sediment/silt particles.

In the surface water, the higher concentrations included: 1,1-DCE, 1,2-DCE, and 1,1,1-TCA in
the northern reaches of Ferry Creek near the first major bend in the channel and in the
channel extending into the western arm of the wetlands both adjacent to the Morgan Francis
property in Area A-1, and 1,1,1-TCA south of the culvert under East Broadway and in the
vicinity of an observed seep in the south-central region of Area A-3. These resuits may have
been caused by migration from a nearby source area due to surface runoff or groundwater

discharge.

SVOCs (primarily PAHs) - Due to their low water solubilities, high soil/sediment partition

coefficients, and high octanol-water partition coefficients, SVOCs in a sediment/surface water
environment are more readily adsorbed to sediment particles than are VOC contaminants.

Furthermore, SVOCs present in surface sediment located in relatively dry locations have a
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tendency to volatilize into the atmosphere to some degree. Their ability to volatilize, however,
is less than that of VOCs (with higher vapor pressures) but greater than that of PCBs and

dioxins/furans (with much lower vapor pressures).

These chemical properties support the frequent detection of elevated levels of SVOCs,
primarily PAHSs, in surface sediment throughout the Ferry Creek channel and the adjacent
wetland areas. The higher frequency of PAH detection in surficial samples, especially in higher
deposition areas in the Ferry Creek channel, suggests that the PAHs were adsorbed onto
sediment particles that may have migrated to these areas with surface water flows, rainwater
runoff, or tidal fluctuations. Less frequent detections in subsurface sediment suggest that the
contaminant source is relatively recent (resulting in surficial deposition of contamination) and/or
the particles to which the PAHs adsorb have relatively low densities (resulting in frequent

resuspension and surficial redeposition).

The highest concentrations of PAHs were detected in surface sediment in the northern
reaches of Ferry Creek near the first major bend in the channel adjacent to the Morgan Francis
property in Area A-1, and south of the culvert under East Broadway and in the vicinity of an
observed seep in south-central region of Area A-3. These results may have been caused by
migration from a nearby source due to surface water runoff or groundwater discharge, and

subsequent adsorption to sediment particles.

PCBs - Due to their low water solubilities, high soil/sediment partition coefficients, and high
octanol-water partition coefficients, PCBs in a sediment/surface water environment are more
readily adsorbed to sediment particles than are either VOC or SVOC contaminants.
Furthermore, PCBs present in surface sediment located in relatively dry locations have little or
no tendency to volatilize into the atmosphere due to their low vapor pressures, compared to
the highly volatile VOCs and somewhat volatile SVOCs.

These chemical properties support the frequent detection of elevated levels of PCBs,
particularly Aroclor 1262 and Aroclor 1268 (with less frequent detection of Aroclor 1248,
Aroclor 1254, and Aroclor 1260), in both surface and subsurface sediment throughout the
Ferry Creek channel and the adjacent wetland areas. The high frequency of PCB detection in

the sediment suggests that the PCBs were adsorbed onto sediment particles that were placed
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there as fill material from the Raymark Facility or may have migrated to these areas with
surface water flows, rainwater runoff, or tidal fluctuations. The relatively similar frequency of
detection in both surface and subsurface sediment in the Ferry Creek channel suggests that
deposition of contaminated sediment has occurred over an extended period of time (resulting
in similar deposition of contamination with depth) and/or the particles to which the PCBs
adsorb have relatively high densities (resulting in infrequent resuspension and redeposition of

previously deposited sediment).

The levels of PCBs were relatively consistent in sediment throughout the Ferry Creek channel
and adjacent wetlands, with the highest levels detected in both surface and subsurface
samples immediately upgradient of the culvert under East Broadway in Area A-1 and

immediately downgradient of the culvert in Area A-3.

Dioxins and Furans (as TEF) - As with PCBs, dioxins and furans have low water solubilities,

high soil/sediment partition coefficients, and high octanol-water partition coefficients, resulting
in a tendency for the contaminants to adsorb to sediment particles in a sediment/surface water
environment. Furthermore, dioxins and furans present in surface sediment located in relatively
dry locations have little or no tendency to volatilize into the atmosphere due to their low vapor

pressures, again similar to PCBs.

These chemical properties support the frequent detection of elevated TEF levels in surface
sediment throughout the Ferry Creek channel, and the somewhat less frequent detection in
subsurface sediment from the northern and southern reaches of the Ferry Creek channel. The
high frequency of detection suggests that the dioxins and/or furans were absorbed onto
sediment particles that migrated to these areas with surface water flows, rainwater runoff, or
tidal fluctuations. The relatively similar frequency of detections in surface and subsurface
sediment suggests that deposition of contaminated sediment has occurred over an extended
period of time (resulting in similar deposition of contamination with depth) and/or the particles
to which the dioxins and/or furans adsorb have relatively high densities (resulting in infrequent

resuspension and redeposition of previously deposited sediment).
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The highest TEF levels were detected in both surface and subsurface sediment samples
immediately upgradient of the culvert under East Broadway in Area A-1, and immediately

downgradient of the culvert in Area A-3.

Metals (primarily Copper and Lead) - Metals tend to be less mobile in the environment than

organic contaminants. Under natural conditions, dissolution of metals may occur in the
presence of water (due to surface water flows, rainwater runoff, or tidal fluctuations) and some
metal ions may migrate. However, many of these dissolved metals can readily precipitate out
of solution and adsorb to sediment particles. Copper and lead will be more soluble and remain

in an aqueous state if the pH is sufficiently low.

These properties support the frequent detection of elevated levels of copper and lead in both
surface and subsurface sediment throughout the Ferry Creek channel and adjacent wetlands,

and their corresponding infrequent detection in surface water.

In the sediment, the similar frequency of detections in surface and subsurface samples
suggests that deposition of contaminated sediment has occurred over an extended period of
time (resulting in similar deposition of contamination with depth) and/or the metals migrated in
the dissolved state and precipitated on sediment particles upon contact. The highest levels
detected in both surface and subsurface samples immediately upgradient of the culvert under
East Broadway in Area A-1, and immediately downgradient of the culvert in Area A-3. Elevated
concentrations of barium were detected at similar frequencies, with the highest concentrations

at the same locations, as copper and lead.

The fact that copper and lead are not apt to dissolve in an aqueous environment under natural
conditions (neutral pHs) is supported by their low frequency of detection in surface water from
Ferry Creek. In particular, copper and lead were not detected above background
concentrations in surface water from north of the culvert under East Broadway, and elevated

levels were detected infrequently in surface water from south of the culvert.

Elevated concentrations of barium (being much more water soluble) were detected in surface

water throughout the entire length of Ferry Creek.
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The highest concentration of these three metals were detected in the high deposition area at
the confluence of the Ferry Creek channel with the ditch extended westward between 250 and
230 Ferry Boulevard in Area A-3. These metals may have been present in suspended
particulate in this area, or they may have been leached out of contaminated sediment or soils.

It is important to note that elevated levels of lead and/or copper were detected in sediment and
soil samples submitted for SPLP analysis from regions north of the culvert under East
Broadway (including: five soil samples throughout Area A-1) and south of the culvert
(including: three soil samples from the commercial/industrial properties in the northem region
of Area A-2, one sediment sample from the northeastern region of the wetland area in
Area A-3, and two soil samples in the region north of the Ferry Creek channel in Area A-3).
This suggests that these materials may result in a continual release of copper and lead into the

surrounding media.

Asbestos - Asbestos is relatively immobile in the environment, except through bulk advective

movement or dispersion in aqueous or airborne environments.

Elevated levels of asbestos were detected frequently in both surface and subsurface sediment
in the Ferry Creek channel north of the culvert under East Broadway and in the limit number of
subsurface sediment samples collected in the triangular-shaped property located between
East Broadway and Ferry Boulevard in Area A-1. Less frequent detections were in both
surface and subsurface sediment throughout that section of the Ferry Creek channel and
adjacent wetlands south of the culvert in Area A-3. The similar frequency of detection in both
surface and subsurface sediment in the northern section of the Ferry Creek channel suggests
that deposition of contaminated sediment has occurred over an extended period of time
(resulting in similar deposition of contamination with depth). The findings further suggest that
asbestos may have been transported in discharge from Lagoon No. 4, as well as by transport
in rainwater runoff from asbestos-laden fill materials placed in close proximity to the northern

section of the Ferry Creek channel.
The highest concentrations of asbestos were detected in surface and subsurface samples

north of the culvert under East Broadway along the central portion of the Ferry Creek channel

in Area A-1, in subsurface samples from the triangular-shaped property between East
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Broadway and Ferry Boulevard in Area A-1, and in surface samples south of the culvert from
the Ferry Creek channel and adjacent wetlands in the northern and north-central regions of
Area A-3.

E.4.2 Contaminant Fate and Transport in Soil — Ferry Creek and Adjacent
Wetlands

Various chemical contaminants are also present in the soil located at commercial and industrial
properties adjacent to Ferry Creek and the wetland areas. Several pathways are available for
contaminants to have entered the soil in these regions, and for them to subsequently be

transported to adjacent media.

As with the sediment and surface water, the chemical and physical properties of the chemical
contaminants in soil affects their ability to migrate in the Ferry Creek Area, and to subsequently
be transported to adjacent media. Contaminants with high soil/sediment adsorption coefficients
and low water partition coefficients would tend to adsorb to the soil particles or remain in the
soil pore spaces. These contaminants are apt to remain localized in undisturbed soil.
Contaminants in soil pore spaces or adsorbed to soil particles may later become mobilized
through contact with solvents or acids, precipitation, or groundwater. Contaminants with low
soil adsorption coefficients, high water partition coefficients, and high water solubilities would
tend to remain in solution and be free to migrate with naturally occurring waters either

downward to the water table or laterally to a surface water source.

The fate and transport of contamination is, therefore, dependent on the type of chemical
contaminant present. A discussion of the fate and transport of the various categories of

chemical contaminants in soil throughout the Ferry Creek Area is presented below.

VOCs - Due to their high water solubilities, low soil partition coefficients, and low octanol-water
partition coefficients, VOCs are readily leached from soil and transported into an aqueous
media. Furthermore, VOCs present in surface soil have more of a tendency to volatilize into
the atmosphere, and VOCs absorbed to soil particles or present in soil pore spaces are more

apt to volatilize into unsaturated soil pore spaces or voids and may potentially migrate to the
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surface or follow some other preferential flow paths (subsurface drains, utility conduits, etc.),

than other organic compounds due to their high vapor pressures.

These chemical properties support the infrequent detection of elevated levels of VOCs in
surface soil and the somewhat higher frequency in subsurface soil throughout the Ferry Creek
Area. The higher concentrations of VOCs, primarily aromatic hydrocarbons (benzene, toluene,
ethylbenzene, and/or xylenes (total)), were detected in subsurface soils located in a few of
commercial and industrial properties between Ferry Boulevard and the Ferry Creek channel in
Area A-2. The presence of these contaminants may have been the result of localized releases

at the properties.

SVOCs (primarily PAHs) - Due to their low water solubilities, high soil partition coefficients, and

high octanol-water partition coefficients, SVOCs are more readily adsorbed to soil particles

than are VOC contaminants. Furthermore, SVOCs present in surface soil have a tendency to
volatilize into the atmosphere to some degree, and SVOCs adsorbed to soil particles or
present in soil pore spaces have a tendency to volatilize into unsaturated soil pore spaces or
voids and may potentially migrate to the surface or follow some other preferential flow paths to
some degree. Their ability to volatilize, however, is less than that of VOCs (with higher vapor
pressures) but greater than that of PCBs and dioxins/furans (with much lower vapor

pressures).

These chemical properties support the frequent detection of elevated levels of SVOCs,
primarily PAHs, in surface soil and the somewhat lower frequency in subsurface soil
throughout the Ferry Creek Area. The high frequency of detections suggests that the PAHs
were sorbed onto scil particles placed in the area as fill material. The somewhat higher
frequency of detections in the surface samples suggests a more recent source of

contamination, such as residual from paving of nearby roads and parking iots.

The highest concentrations of PAHs were detected in surface soils collected in the vicinity of
paved roadways and/or parking lots in Areas A-1, A-2, and A-3, and may have been a result of
asphalt paving activities. High levels were also detected in subsurface samples from a few

locations throughout the commercial/industrial properties in Areas A-1 and A-2.

RIS9246DF E-22 Raymark - Ferry Creek, OU3



DRAFT FINAL

PCBs - Due to their low water solubilities, high soil partition coefficients, and high octanol-water
partition coefficients, PCBs are more readily adsorbed to soil particles than are either VOC or
SVOC contaminants. Furthermore, PCBs present in surface soil have less of a tendency to
volatilize into the atmosphere, and PCBs adsorbed to soil particles or present in soil pore
spaces have less of a tendency to volatilize into unsaturated soil pore spaces or voids and to
potentially migrate to the surface or follow some other preferential flow paths due to their low

vapor pressures, compared to the highly volatile VOCs and somewhat volatile SVOCs.

These chemical properties support the frequent detection of elevated levels of PCBs,
particularly Aroclor 1262 and Aroclor 1268 (with less frequent detection of Aroclor 1242,
Aroclor 1248, Aroclor 1254, and Aroclor 1260), in both surface and subsurface soil throughout
the Ferry Creek Area. The high frequency of PCB detection in both surface and subsurface
soil suggests that the PCBs were sorbed onto soil particles placed in the area as fill material
from the Raymark Facility. Due to the lack of mobility of PCBs in the environment, the PCBs

are likely to have remained where they were deposited.

The levels of PCBs were relatively consistent in soil samples throughout the Ferry Creek Area,
with the highest levels detected in both surface and subsurface samples north of the culvert
under East Broadway in the central and southern regions of Area A-1, south of the culvert/west
of the Ferry Creek channel in the northern commercial/industrial properties of Area A-2, and

south of the culvert/east of the Ferry Creek channel in the northern region of Area A-3.

Dioxins and Furans (as TEF) - As with PCBs, dioxins and furans have low water solubilities,

high soil partition coefficients, and high octanol-water partition coefficients, resulting in a

tendency for the contaminants to adsorb to soil particles. Furthermore, dioxins and furans
present in surface soil have less of a tendency to volatilize into the atmosphere, and those
contaminants adsorbed to soil particles or present in soil pore spaces have less of a tendency
to volatilize into unsaturated soil pore spaces or voids and to potentially migrate to the surface
or follow some other preferential flow paths due to their low vapor pressures, again similar to

PCBs.

These chemical properties support the frequent detection of elevated TEF levels in surface soil

throughout the Ferry Creek Area, and the somewhat less frequent detection in subsurface soil.
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The higher frequency of detections in the surface soils is due to the lack of elevated TEF
values in the deeper samples collected. Due to the low likelihood of dioxin/furan mobility in the

environment, they are likely to have remained where they were deposited.

The TEF levels were relatively consistent in soil samples throughout the Ferry Creek Area, with
the highest levels detected in surface samples north of the culvert under East Broadway in the
central region of Area A-1, and south of the culvert and north of the Ferry Creek channel along
the eastern border adjacent to wetland area in Area A-3; and subsurface soil north of the
culvert in the southern and southwestern regions of Area A-1, south of the culvert and west of
the Ferry Creek channel at one of the properties in the northern region of Area A-2, and south
of the culvert and north of the Ferry Creek channel along the eastern border adjacent to

wetland area in Area A-3.

Metals (primarily Copper and Lead) - Metals tend to be less mobile in the environment than

organic contaminants. Under natural conditions, dissolution of metals may occur in the
presence of water (due to rainwater runoff or groundwater infiltration) and some metal ions
may migrate. However, these dissolved metals can readily precipitate out of solution and
adsorb to soil particles. Metals will be more soluble and remain in an aqueous state if the pH is

sufficiently low.

These properties support the frequent detection of elevated levels of copper and lead in both
surface and subsurface soil throughout the Ferry Creek Area. The somewhat higher frequency
of detections in the surface soils is due to the lack of elevated values in the deeper samples
collected. Due to the low likelihood of metals mobility in the environment, they are likely to

have remained where deposited in the fill material from the Raymark Facility.

The highest levels of both copper and lead were detected in both surface and subsurface
samples north of the culvert under East Broadway in region south and west of the Ferry Creek
channel in Area A-1, south of the culvert and west of the Ferry Creek channel in the northern
properties in Area A-2, and south of the culvert both north and east of the Ferry Creek channel
in Area A-3. Elevated concentrations of barium were detected at similar frequencies, with the

highest concentrations at the same locations as copper and lead.
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It is important to note that elevated levels of lead and/or copper were detected in soil samples
submitted for SPLP analysis from regions north of the culvert under East Broadway (including:
five soil samples throughout Area A-1) and south of the culvert (including: three soil samples
from the commercial/industrial properties in the northern region of Area A-2, and two soil
samples in the region north of the Ferry Creek channel in Area A-3). This suggests that these
materials may result in a continual release of low levels of copper and lead into the

surrounding media.

Asbestos - Asbestos is relatively immobile in the environment, except through bulk advective

movement or dispersion in aqueous or airborne environments.

Elevated levels of asbestos were detected relatively frequently in both surface and subsurface
soil through the Ferry Creek Area, in similar regions as the presence of elevated levels of
copper and lead. Due to the low likelihood of asbestos mobility in the environment, it is likely to

have remained where deposited in the fill material from the Raymark Facility.

E.4.3 Contaminant Fate and Transport in Sediment and Surface Water -

Housatonic River Area

Various chemical contaminants are present in the sediment and surface water in the
Housatonic River Area. Several pathways are available for contaminants to have entered

these media, and for them to subsequently be transported to adjacent media.

The chemical and physical properties of the chemical contaminants affects their ability to
migrate into the sediment and surface water, and to subsequently be transported to adjacent
media. Contaminants with high soil/sediment adsorption coefficients and low water partition
coefficients would tend adsorb to the sediment particles. These contaminants are apt to
remain localized in undisturbed sediment, or to migrate on sediment particulates transported
by surface water flows, rainwater runoff, or tidal fluctuations. Contaminants adsorbed to
sediment particles may later become desorbed and/or dissolved following contact with solvents
or acids, if present. Contaminants with low soil/sediment adsorption coefficients, high water
partition coefficients, or high water solubilities would tend to remain in solution and be free to

migrate with naturally occurring waters.
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Tidal fluctuations may also cause contaminants to be transported into and/or pass through the
sediment. Again, those contaminants with high soil/sediment adsorption coefficients and low
water partition coefficients would tend to adsorb to the sediment particles; while those with low
soil/sediment adsorption coefficients, high water partition coefficients, and high water

solubilities would tend to remain in solution and be free to migrate with natural water sources.

The fate and transport of contamination is, therefore, dependent on the type of chemical
contaminant present. A discussion of the fate and transport of the various categories of
chemical contaminants in sediment and surface water throughout the Housatonic River Area is
presented below. Since no elevated levels of SVOCs (except low levels of phthalates in two
samples from Area B) or PCBs were present in surface water samples, and since no samples
were collected for analysis of dioxins/furans and asbestos (since these contaminants are
virtually insoluble in water), the fate and transport discussion related to surface water is limited
to VOCs and metals.

VOCs - Due to their high water solubilities, low soil/sediment partition coefficients, and low
octanol-water partition coefficients, VOCs in a sediment/surface water environment tend to
remain dissolved in, and free to be transported by, the aqueous media; they do not readily
adsorb to sediment particles. Furthermore, VOCs present in surface sediment located in
relatively dry locations have more of a tendency to volatilize into the atmosphere than other
organic contaminants due to their high vapor pressures. VOCs present in surface water
(especially in regions of high turbulence or aeration) also have a tendency to volatilize into the

atmosphere due to their high vapor pressures and high air-water partition coefficients.

These chemical properties support the infrequent detection of elevated levels of VOCs
(primarily 2-butanone, acetone, and carbon disulfide) in surface sediment, and even less
frequent detection in subsurface sediment throughout the Housatonic River Area. VOCs were
also detected infrequently in surface water, including: acetone and chiorinated hydrocarbons in
a limited number of samples from Area B, and acetone in one sample from Area D, elevated

levels of VOCs were not detected in Area C.

The highest concentrations of VOCs were detected in surface sediment from the Ferry Creek

channel immediately south of bridge under Ferry Boulevard in the western region, and in the
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mouth of the Ferry Creek channel in the northeastern region of the Area B. In both of these
areas, factors may have resulted in deposition of sediment, higher-organic content silts, and/or

DNAPLs that could encourage adsorption of VOCs onto sediment/silt particles.

SVOCs (primarily PAHs) - Due to their low water solubilities, high soil/sediment partition

coefficients, and high octanol-water partition coefficients, SVOCs in a sediment/surface water
environment are more readily adsorbed to sediment particles than are VOC contaminants.
Furthermore, SVOCs present in surface sediment located in relatively dry locations have a
tendency to volatilize into the atmosphere to some degree. Their ability to volatilize, however,
is less than that of VOCs (witri higher vapor pressures) but greater than that of PCBs and

dioxins/furans (with much lower vapor pressures).

These chemical properties support the infrequent detection of elevated levels of SVOCs,
primarily PAHs, in surface sediment samples and the less frequent detection in subsurface
sediment in the Housatonic River Area. The higher frequency of PAH detection in surficial
samples suggests that the PAHs were adsorbed onto sediment particles that may have
migrated to the areas with surface water flows, rainwater runoff, or tidal fluctuations. Less
frequent detections in subsurface sediment suggests that the contaminant source is relatively
recent (resulting in surficial deposition of contamination) and/or the particles to which the PAHs
adsorb have relatively low densities (resulting in frequent resuspension and surficial

redeposition).

The highest concentrations of PAHs were detected in the northwestern region of the Delbuono
wetlands adjacent to the lower Ferry Creek channel and downgradient in the channel opposite
the wetlands in Area B, along the eastern border adjacent to Shore Road in Area C, and north
of the dry dock near the southern portion of the paved parking lot in Area D. These results may
have been caused by migration from a nearby source from surface water flows, rainwater

runoff, or tidal fluctuations, and subsequent adsorption to sediment particles.

PCBs - Due to their low water solubilities, high soil/sediment partition coefficients, and high
octanol-water partition coefficients, PCBs in a sediment/surface water environment are more
readily adsorbed to sediment particles than are either VOC or SVOC contaminants.

Furthermore, PCBs present in surface sediment located in relatively dry locations have little or
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no tendency to volatilize into the atmosphere due to their low vapor pressures, compared to
the highly volatile VOCs and somewhat volatile SVOCs.

These chemical properties support the relatively frequent detection of elevated levels of PCBs,
particularly Aroclor 1262 and Aroclor 1268 (with less frequent detection of Arocior 018,
Aroclor 1242, Aroclor 1248, Aroclor 1254, and Aroclor 1260}, in the surface sediment and less
frequent detection in subsurface sediment samples collected in the Housatonic River Area.
The higher frequency of PCB detection in surficial samples suggests that the PCBs were
adsorbed onto sediment particles that may have migrated to the areas with surface water
flows, rainwater runoff, or tidal fluctuations. Less frequent detections in subsurface sediment
suggests that the contaminant source is relatively recent (resulting in surficial deposition of
contamination) and/or the particles to which the PCBs adsorb have relatively low densities

(resulting in frequent resuspension and surficial redeposition).

PCBs were detected more frequently in the surface sediment from Ferry Creek channel north
of the Delbuono wetlands in Area B, than the two areas further down stream along the
Housatonic River. This is believed to be due to the proximity of this area to, and potential
contaminant migration from, contaminants present in the Ferry Creek Area. The detection of
PCBs in all three areas, however, may also be attributed to the placement of contaminated fill

materials from the Raymark Facility in or adjacent to the wetland areas.

Dioxins and Furans (as TEF) - As with PCBs, dioxins and furans have low water solubilities,

high soil/sediment partition coefficients, and high octanol-water partition coefficients, resulting
in a tendency for the contaminants to adsorb to sediment particles in a sediment/surface water
environment. Furthermore, dioxins and furans present in surface sediment located in relatively
dry locations have little or no tendency to volatilize into the atmosphere due to their low vapor

pressures, again similar to PCBs.

These chemical properties support the frequent detection of elevated TEF levels in surface
sediment and the less frequent detection in subsurface samples throughout the Housatonic
River Area. The higher frequency of detection in surface samples suggests that the dioxins
and/or furans were adsorbed onto sediment particles that migrated to these areas with surface

water flows, rainwater runoff, or tidal fluctuations. Less frequent detections in subsurface
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sediment suggests that the contaminant source is relatively recent and/or the particles to which
the dioxins and/or furans adsorb have relatively low densities (resulting in frequent

resuspension and surficial redeposition).

The highest TEF levels were detected surface sediment in the narrow wetland area in the mid-
western region of Area B, both surface and subsurface sediment in the southwestern region
and in the wetlands east of Shore Road in Area C, and both surface and subsurface sediment
near the dry dock in the southern region of Area D. It is important to note that elevated TEF
levels were detected more frequently in the wetland area than in the Ferry Creek channel.
These results suggest that the source may be based on surface disposal of contaminated fill
materials and/or the migration of dioxins/furans on suspended in surface water flows that tend

to accumulate in the wetlands were the sediment/silt media may be higher in organic carbon.

Metals (primarily Copper and Lead) - Metals tend to be less mobile in the environment than

organic contaminants. Under natural conditions, dissolution of metals may occur in the
presence of water (due to surface water flows, rainwater runoff, or tidal fluctuations) and some
metal ions may migrate. However, many of these dissolved metals can readily precipitate out
of solution and adsorb to sediment particles. Metals will be more soluble and remain in an

aqueous state if the pH is sufficiently low.

These properties support the frequent detection of elevated levels of copper and lead in both
surface and subsurface sediment in Area B, the frequent detection in surface sediment and
less frequent detection in subsurface sediment in Areas C and D, and a corresponding

infrequent detection in surface water (except in the wetlands of Area C).

In the sediment, the similar frequency of detections in surface and subsurface sediment
samples in the Ferry Creek channel suggests that deposition of contaminated sediment has
occurred over an extended period of time (resulting in similar deposition of contamination with
depth) and/or the metals migrated in the dissolved state and precipitated on sediment particles
upon contact. Similar detections with depth in the wetland areas adjacent to the lower Ferry
Creek channel may be attributable to the placement of contaminated sediments dredged from
the mouth of Ferry Creek. In the additional wetland areas further downstream along the

Housatonic River, a higher frequency of copper and lead detections in the surface sediment

RIS9246DF E-29 Raymark - Ferry Creek, OU3



DRAFT FINAL

suggests that the contaminant source is relatively recent (resulting in surficial deposition of
contamination) and/or the metals migrated in the dissolved state and precipitated on surface
sediment particles upon contact. The distribution of the contaminants suggest the primary
source in the placement of contaminated fill materials from the Raymark Facility in or adjacent
to these area. Elevated levels of barium were also detected in the same regions, as the copper

and lead.

The fact that copper and lead are not apt to dissolve in an aqueous environment under natural
conditions (neutral pHs) is supported by their low frequency of detection in surface water
throughout Areas B and D. The more frequent detection in surface water from the Area C
suggests that these metals may have been present in suspended particulate in this area or
were leached out of contaminated sediment of soils. Elevated concentrations of barium (being
more water soluble) were detected at slightly higher frequencies in surface water throughout

the Housatonic River Area.

It is important to note that elevated levels of lead and/or copper were detected in three
sediment samples submitted for SPLP analysis from Area B; no samples were collected for
SPLP analysis from the other two areas. This suggests that these materials may result in a

continual release of copper and lead into the surrounding media.

Asbestos - Asbestos is relatively immobile in the environment, except through bulk advective

movement or dispersion in aqueous or airborne environments.

Elevated levels of asbestos were detected sediment in relatively the same locations as were
copper and lead, thereby supporting the conclusions stated previously regarding the
placement of contaminated fill material in or adjacent to the wetlands in Areas B, C, and D, as
well as the placement of contaminated sediment dredged from the mouth of Ferry Creek in the

wetlands adjacent to the lower Ferry Creek channel in Area B.
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E4.4 Contaminant Fate and Transport in Soil — Housatonic River Area

Various chemical contaminants are also present in the soil located adjacent to the wetlands in
the Housatonic River Area. Several pathways are available for contaminants to have entered

the soil in these regions, and for them to subsequently be transported to adjacent media.

As with the sediment and surface water, the chemical and physical properties of the chemical
contaminants in soil affects their ability to migrate in the Housatonic River Area, and to
subsequently be transported to adjacent media. Contaminants with high soil/sediment
adsorption coefficients and low water partition coefficients would tend to adsorb to the soil
particles or remain in the soil pore spaces. These contaminants are apt to remain localized in
undisturbed soil. Contaminants in soil pore spaces or adsorbed to soil particles may later
become mobilized through contact with solvents or acids, precipitation, or groundwater.
Contaminants with low soil adsorption coefficients, high water partition coefficients, and high
water solubilities would tend to remain in solution and be free to migrate with naturally

occurring waters either downward to the water table or laterally to a surface water source.

The fate and transport of contamination is, therefore, dependent on the type of chemical
contaminant present. A discussion of the fate and transport of the various categories of

chemical contaminants in soil throughout the Housatonic River Area is presented below.

VOCs - Due to their high water solubilities, low sail partition coefficients, and low octanol-water
partition coefficients, VOCs are readily leached from soil and transported into an aqueous
media. Furthermore, VOCs present in surface soil have more of a tendency to volatilize into
the atmosphere, and VOCs absorbed to soil particles or present in soil pore spaces are more
apt to volatilize into unsaturated soil pore spaces or voids and may potentially migrate to the
surface or follow some other preferential flow paths, than other organic compounds due to

their high vapor pressures.

These chemical properties support the infrequent detection of elevated levels of VOCs in
surface soil and the somewhat higher frequency in subsurface soil throughout the Housatonic
River Area. The higher concentrations of VOCs, primarily carbon disulfide, ketones

(2-butanone and acetone), and aromatic hydrocarbons (toluene and xylenes (total)), were
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detected in subsurface soils located in a few of locations adjacent to the wetland areas,
including: southeast of the Delbuono wetlands in Area B, north and east of the wetlands
adjacent to the Housatonic Boat Club in Area C, and in the dry dock area in the southemn
region of Area D. The presence of these contaminants may have been the result of localized

releases at the properties.

SVOCs (primarily PAHS) - Due to their low water solubilities, high soil partition coefficients, and

high octanol-water partition coefficients, SVOCs are more readily adsorbed to soil particles
than are VOC contaminants. Furthermore, SVOCs present in surface soil have a tendency to
volatilize into the atmosphere to some degree, and SVOCs adsorbed to soil particles or
present in soil pore spaces have a tendency to volatilize into unsaturated soil pore spaces or
voids and may potentially migrate to the surface or follow some other preferential flow paths to
some degree. Their ability to volatilize, however, is less than that of VOCs (with higher vapor
pressures) but greater than that of PCBs and dioxins/furans (with much lower vapor

pressures).

These chemical properties support the frequent detection of elevated levels of SVQOCs,
primarily PAHs, in surface soil and the somewhat lower frequency in subsurface soil
throughout the Housatonic River Area. The high frequency of detections suggests that the
PAHs were adsorbed onto soil particles placed in the area as fill material. The somewhat
higher frequency of detections in the surface samples suggests a more recent source of

contamination, such as residual from paving of nearby roads and parking lots.

The highest concentrations of PAHs were detected in surface soils collected in the vicinity of
paved roadways and/or parking lots in Areas B, C, and D, and may have been a result of

asphalt paving activities.

PCBs - Due to their low water solubilities, high soil partition coefficients, and high octanol-water

partition coefficients, PCBs are more readily adsorbed to soil particles than are either VOC or
SVOC contaminants. Furthermore, PCBs present in surface soil have less of a tendency to
volatilize into the atmosphere, and PCBs adsorbed to soil particles or present in soil pore

spaces have less of a tendency to volatilize into unsaturated soil pore spaces or voids and to
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potentially migrate to the surface or follow some other preferential flow paths due to their low

vapor pressures, compared to the highly volatile VOCs and somewhat volatile SVOCs.

These chemical properties support the frequent detection of elevated levels of PCBs,
particularly Aroclor 1262 and Aroclor 1268 (with less frequent detection of Aroclor 1254), in
both surface and subsurface soil throughout the Ferry Creek Area. The high frequency of PCB
detection in both surface and subsurface soil suggests that the PCBs were adsorbed onto soil
particles placed in the area as fill material from the Raymark Facility. Due to the lack of mobility
of PCBs in the environment, the PCBs are likely to have remained where they were deposited.

The levels of PCBs were relatively consistent in soil samples throughout the Housatonic River
Area, with the highest levels detected in subsurface soils west of lowermost extent of the Ferry
Creek channel in Area b, and in both surface and subsurface soils both north and east of the
wetlands adjacent to the Housatonic Boat Club in Area C, and in the dry dock area in the

southern region of Area D.

Dioxins and Furans {(as TEF) - As with PCBs, dioxins and furans have low water solubilities,

high soil partition coefficients, and high octanol-water partition coefficients, resulting in a
tendency for the contaminants to sorb to soil particles. Furthermore, dioxins and furans present
in surface soil have less of a tendency to volatilize into the atmosphere, and those
contaminants adsorbed to soil particles or present in soil pore spaces have less of a tendency
to volatilize into unsaturated soil pore spaces or voids and to potentially migrate to the surface
or follow some other preferential flow paths due to their low vapor pressures, again similar to
PCBs.

These chemical properties support the frequent detection of elevated TEF levels in the limited
number of surface and subsurface soil samples collected throughout the Housatonic River.
These contaminants were detected in the same regions as the PCBs and are believed to have

been transported to these regions in a similar manner.

Metals (primarily Copper and Lead) - Metals tend to be less mobile in the environment than

organic contaminants. Under natural conditions, dissolution of metals may occur in the

presence of water (due to rainwater runoff or groundwater infiltration) and some metal ions
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may migrate. However, these dissolved metals can readily precipitate out of solution and
adsorb to soil particles. Metals will be more soluble and remain in an aqueous state if the pH is

sufficiently low.

These properties support the frequent detection of elevated levels of copper and lead in both
surface and subsurface soil throughout the Housatonic River Area. The somewhat higher
frequency of detections in the surface soils is due to the lack of elevated values in the deeper
samples collected. Due to the low likelihood of metals mobility in the environment, they are

likely to have remained where deposited in the fill material from the Raymark Facility.

The highest levels of both copper and lead were detected in both surface and subsurface
samples located in the southwest of the Delbuono wetlands in Area B, north and east of the
wetlands adjacent to the Housatonic Boat Club in Area C, and central and southern regions of
Area D. Elevated concentrations of barium were detected at similar frequencies, with the

highest concentrations at the same locations as copper and lead.

Asbestos - Asbestos is relatively immobile in the environment, except through bulk advective

movement or dispersion in aqueous or airborne environments.

Elevated levels of asbestos were detected infrequently frequently in both surface and
subsurface soil throughout the Housatonic River Area, in similar regions as the presence of
elevated levels of copper and lead. Due to the low likelihood of asbestos mobility in the
environment, it is likely to have remained where deposited in the fill material from the Raymark

Facility.

E.4.5 Contaminant Fate and Transport in Sediment and Surface Water — Elm
Street Wetland and Selby Pond Areas

Various chemical contaminants are present in the sediment and surface water in the Elm

Street Wetland and Selby Pond Areas. Several pathways are available for contaminants to

have entered these media, and for them to subsequently be transported to adjacent media.
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The chemical and physical properties of the chemical contaminants affects their ability to
migrate into the sediment and surface water, and to subsequently be transported to adjacent
media. Contaminants with high soil/sediment adsorption coefficients and low water partition
coefficients would tend adsorb to the sediment particles. These contaminants are apt to
remain localized in undisturbed sediment, or to migrate on sediment particulates transported
by surface water flows, rainwater runoff, or tidal fluctuations. Contaminants adsorbed to
sediment particles may later become desorbed and/or dissolved following contact with solvents
or acids, if present. Contaminants with low soil/sediment adsorption coefficients, high water
partition coefficients, or high water solubilities would tend to remain in solution and be free to

migrate with naturally occurring waters.

Tidal fluctuations may also cause contaminants to be transported into and/or pass through the
sediment. Again, those contaminants with high soil/sediment adsorption coefficients and low
water partition coefficients would tend to adsorb to the sediment particles; while those with low
soil/sediment adsorption coefficients, high water partition coefficients, and high water

solubilities would tend to remain in solution and be free to migrate with natural water sources.

The fate and transport of contamination is, therefore, dependent on the type of chemical
contaminant present. A discussion of the fate and transport of the various categories of
chemical contaminants in sediment and surface water throughout the Elm Street Wetland and
Selby Pond Areas is presented below. Since no elevated levels of SVOCs were present in
surface water samples, and since no samples were collected for analysis of dioxins/furans and
asbestos (since these contaminants are virtually insoluble in water), the fate and transport

discussion related to surface water is limited to VOCs, PCBs, and metals.

VOCs - Due to their high water solubilities, low soil/'sediment partition coefficients, and low
octanol-water partition coefficients, VOCs in a sediment/surface water environment tend to
remain dissolved in, and free to be transported by, the aqueous media; they do not readily
adsorb to sediment particles. Furthermore, VOCs present in surface sediment located in
relatively dry locations have more of a tendency to volatilize into the atmosphere than other
organic contaminants due to their high vapor pressures. VOCs present in surface water
(especially in regions of high turbulence or aeration) also have a tendency to volatilize into the

atmosphere due to their high vapor pressures and high air-water partition coefficients.
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These chemical properties support the infrequent detection of elevated levels of VOCs
(primarily 2-butanone, acetone, and carbon disulfide) in both surface and subsurface sediment
throughout the Elm Street Wetland Area and surface sediment throughout the Selby Pond
Area; no subsurface sediment samples were collected for VOC analysis from the Selby Pond
Area. In surface water, low levels of acetone and styrene were each detected in a single
sample collected in the EIm Street Wetland Area; while, elevated levels of VOCs were not

detected in surface water from the Selby Pond Area.

In the sediment, the higher concentrations of VOCs was detected in surface sediment in the
wetlands both in the eastern region of the Eim Street Wetland Area and along the eastern side
of Selby Pond. This phenomenon may be due to the fact that that these samples were
collected close to the outer boundary of the designated wetland areas where surface water

was less apt to desorb the contaminants from the sediment.

SVOCs_(primarily PAHs) - Due to their low water solubilities, high soil/'sediment partition

coefficients, and high octanol-water partition coefficients, SVOCs in a sediment/surface water
environment are more readily adsorbed to sediment particles than are VOC contaminants.
Furthermore, SVOCs present in surface sediment located in relatively dry locations have a
tendency to volatilize into the atmosphere to some degree. Their ability to volatilize, however,
is less than that of VOCs (with higher vapor pressures) but greater than that of PCBs and

dioxins/furans (with much lower vapor pressures).

These chemical properties support the detection of elevated levels of SVOCs, primarily PAHSs,
in sediment samples and the lack thereof in the surface water in the two areas. In the Elm
Street Wetland Area, elevated levels of PAHs were detected in only two samples (surface
sediment in the eastern region). Infrequent detection of PAHs in the Selby Pond Area were
present primarily in surface sediment. The higher frequency of PAH detection in surficial
samples, suggests that the PAHs were adsorbed onto sediment particles that may have
migrated to these areas with surface water flows, rainwater runoff, or tidal fluctuations. Less
frequent detections in subsurface sediment suggest that the contaminant source is relatively

recent (resulting in surficial deposition of contamination).
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The highest concentrations of PAHs were detected in the northeastern portion of Selby Pond
and at two locations in the wetlands along the northeastern and southeastern borders of Selby

Pond.

PCBs - Due to their low water solubilities, high soil/sediment partition coefficients, and high
octanol-water partition coefficients, PCBs in a sediment/surface water environment are more
readily adsorbed to sediment particles than are either VOC or SVOC contaminants.
Furthermore, PCBs present in surface sediment located in relatively dry locations have little or
no tendency to volatilize into the atmosphere due to their low vapor pressures, compared to

the highly volatile VOCs and somewhat volatile SVOCs.

These chemical properties support the frequent detection of elevated levels of PCBs,
particularly Aroclor 1254 (with less frequent detection of Aroclor 1242, Aroclor 1262, and
Aroclor 1268), in both the surface and subsurface sediment samples collected in the Elm
Street Wetland Area; and the infrequent detection of PCBs, particularly Aroclor 1262 and
Aroclor 1268, in the surface sediment and lack of detection in the subsurface sediment in the

Selby Pond Area.

The high frequency of PCB detection in the sediment in the Elm Street Wetland Area, localized
in the eastern region, suggests that the PCBs were adsorbed onto sediment particles that were
placed there as fill material from the Raymark Facility or that may have migrated to this area
with surface water flows, rainwater runoff, or through the nearby culvert. The relatively similar
frequency of detection in both surface and subsurface sediment deposition of contaminated
sediment has occurred over an extended period of time (resulting in similar deposition of
contamination with depth) and/or the particles to which the PCBs adsorb have relatively high
densities (resulting in infrequent resuspension and redeposition). The highest levels were
detected in surface and subsurface sediment in the eastern region of the delineated wetlands
and in surface sediment in the northeastern region of the area just beyond the wetland
boundary. Moderate levels of Aroclor-1254 were also present in surface water from these

areas.

The low frequency of PCB detection in the Selby Pond Area were localized in the surface

sediment in the northern region of the pond and in the vicinity of the mouth of the channel
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connecting the pond tidally to the Ferry Creek channel. No PCBs were detected in subsurface

sediment or surface water collected in the area.

Dioxins and Furans (as TEF) - As with PCBs, dioxins and furans have low water solubilities,
high soil/sediment partition coefficients, and high octanol-water partition coefficients, resuiting

in a tendency for the contaminants to adsorb to sediment particles in a sediment/surface water

environment. Furthermore, dioxins and furans present in surface sediment located in relatively
dry locations have little or no tendency to volatilize into the atmosphere due to their iow vapor

pressures, again similar to PCBs.

These chemical properties support the infrequent detection of elevated TEF levels in surface
sediment and the lack of detection in subsurface samples throughout the Elm Street Wetland

and Selby Pond Areas.

The TEF levels were fairly consistent in surface samples cocllected throughout the Selby Pond
Area. In the Elm Street Wetland Area, the highest levels were detected in surface sediment
from the eastern region of the delineated wetlands. The potential migration pathways are the

same as those for PCBs.

Metals (primarily Copper and Lead) - Metals tend to be iess mobile in the environment than

organic contaminants. Under natural conditions, dissolution of metals may occur in the
presence of water (due to surface water flows, rainwater runoff, or tidal fluctuations) and some
metal ions may migrate. However, many of these dissolved metals can readily precipitate out
of solution and adsorb to sediment particles. Metals will be more soluble and remain in an

aqueous state if the pH is sufficiently low.

These properties support the frequent detection of elevated levels of copper and lead in
surface sediment and the detection in a single subsurface sediment in the ElIm Street Wetland
and Selby Pond Areas, the frequent detection in surface water in the eastern region of the Eim
Street Wetland, and the detection of a single elevated level of lead in surface water collected
in the Selby Pond Area in the vicinity of the mouth of the channel connecting the pond tidaily to

the Ferry Creek channel.
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in the sediment, the higher frequency of detections in surface samples suggests that the
contaminant source is relatively recent (resulting in surficial depaosition of contamination) and/or
the metals migrated in the dissolved state and precipitated on surface sediment particles upon
contact. The levels were fairly consistent throughout the Selby Pond Area, with the highest
levels detected in the vicinity of the mouth of the channel connecting the pond tidally to the
Ferry Creek channel. In the Elm Street Wetland Area, the highest levels were detected in
surface sediment from the northern and eastern regions of the delineated wetlands in the
vicinity of the culvert; surface water samples from these locations also contained elevated

levels of copper and lead.

The fact that copper and lead are not apt to dissolve in an aqueous environment under natural
conditions (neutral pHs) is supported by their low frequency of detection in surface water from
the Selby Pond Area. The more frequent detection in surface water from the eastern region of
the Eim Street Wetlands suggests that these metals may have been present in suspended
particulate in this area, leached out of contaminated sediment or soils, or transported to the

wetlands through the culvert.

Elevated concentrations of barium were detected at slightly higher frequencies in surface and
subsurface sediment, as well as in surface water, in the Elm Street Wetland Area. Barium was
also detected at slightly higher frequencies in surface sediment in the Selby Pond Area, but it
was not detected in the surface water. The highest concentrations of barium were detected in

the same general areas, as copper and lead.

Asbestos - Asbestos is relatively immobile in the environment, except through bulk advective

movement or dispersion in aqueous or airborne environments.

Elevated levels of asbestos were detected infrequently in surface sediment from the Selby
Pond Area. The highest levels were detected in the northeastern region of the pond in the
vicinity of the mouth of the channel connecting the pond tidally to the Ferry Creek channel. The
findings suggest that asbestos may have been transported tidally from Ferry Creek, as well as
by transport in rainwater runoff from asbestos-laden fill materials placed in close proximity to

the north eastern region of Selby Pond.

R199246DF E-39 Raymark - Ferry Creek, OU3



DRAFT FINAL

Asbestos was not detected in surface sediment from the Elm Street Wetland Area. No

subsurface samples were collected for asbestos analysis from either area.

E.4.6 Contaminant Fate and Transport in Soil - EIm Street Wetland

Low levels of PAHs, copper, and lead were present in the single surface soil sample collected
from the western border of the delineated wetlands in the Elm Street Wetland Area. PCBs and
dioxins/furans were not detected above background concentrations, and no sample was
collected for analysis of VOCs. These results suggest that the soil sample may have been
contaminated to a small degree by the placement of fill material from the Raymark Facility, or
perhaps more likely to have been the result of rainwater runoff due to the close proximity to
Elm Street.
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Correlation of Copper and Lead
Field Screening Data vs. Fixed Lab Data




Appendix F-1
Field Screening — CLP Data Correlation

EPA directed Brown and Root Environmental to determine the correlation between data
analyzed by field screening and CLP methodologies at the Raymark — Ferry Creek site.
A strong correlation would allow for the use of field screening data in quantifying risk at
the site. Two statistical procedures were used to determine the correlation between
data analyzed by field screening and CLP methodologies: linear regression, which
evaluates the correlation on a point-by-point basis; and a nonparametric t-test, which
compares the means of two data sets for each method. Paired data selected for the
correlation determination were collected at the same location and same depth.

For the first statistical analysis, a scatter plot of paired data was generated for each
chemical with the field screening results plotted along the x-axis and the CLP results
plotted along the y-axis. A linear regression was then performed on the scatter plot and
a correlation coefficient was generated. For data that are strongly correlated, the .
scatter plot will exhibit a linear relationship with a correlation coefficient (r) of slightly less -
than 1. The copper and lead data had relatively high correlation coefficients of 0.87 and

0.86, respectively. The PCB data had extremely low correlation coefficients. The PCB

scatter plots show that some correlation exists at low concentrations (< 1 ppm), but that

this correlation weakens as concentrations increase. This may be due to the narrower

calibration ranges of the field screening techniques.

For the second statistical analysis, the field screening data was grouped into one
population and the CLP data was grouped into a second population. The Wilcoxon
Rank-Sum (WRS) test, a distribution-free or nonparametric t-test, was performed on the
two populations to determine whether their means were statistically equivalent. The
copper and lead data had statistically equivalent means; the PCB data did not.

Based on the results of the two statistical analyses, the use of field screening data to
quantify risk at the site is acceptable for copper and lead, but not for PCBs
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Copper Comelation Data

nsample ipara iclp res dp result :clp_qual iclp_units scr res_scr_result scr_qual clp_res scr_res
SP-SO-MW1100-1820 :COPPER | ' MG/KG 25-ND U ' 7 28
MF-SO-MW101D-4850-D . COPPER- 7.917.9 , 'MG/KG ! 25/ND 8] ! 79 25
MF-SO-MW1010-4850 'COPPER 8.7:8.7 , 'MG/KG 25 ND_ u ' 87 75
SP-S0-MW112B-2628  COPPER | 10.6/106 ! IMG/KG | 25'ND u 10.6 25
MF-SO-MW104D-6062 COPPER | 11.9i11.9 : IMG/KG ! 25ND__ u 11.9 25
MF.SO-MW101D-2830 |[COPPER | 12.4!12.4 . ‘MG/KG 25ND U 12.4 25
MF-SO-5B5-1416 ICOPPER . 13.8:13.8 | MG/KG 88 13.8 8
MF-SO-MW104D-1618 'COPPER  15.2115.2 _ ‘MG/KG 25NO U 152 s
MF-SO-MW102-7880  COPPER = 17.2 17.2 : :MG/KG 25ND U 17225
MF-SO-MW104D-3234 COPPER @ 17.2:117.2 1 ‘MGKG | 25 ND U 17.2. 25
SP-SO-5B9-0608 iCOPPER: 174,174 J 'MGKG 25 ND U 17.4 25
MF-SO-MW102-2224  "COPPER | 18.5,18.5 , ‘MG/KG 25 ND U 18.5 25
MF-SO-TP3-0405 iCOPPER T 22.1/221 ‘ MG/KG 53.53 U 22.1 53
B8C-50-SB8A-0810 'COPPER | 22.9'22.9 J MG/KG 25 ND u 22.9 25
MF-S0-MW102-4244  COPPER ' 23.4/23.4 : ‘MG/KG | 25:ND U 234 25
MF-SO-MW104D-4648 COPPER |  28.9,28.9 ' 'MG/KG 25:ND u 28.9! 25
SP-SO-SB1-04068 COPPER ™ 32.9132.9 1 IMG/KG | 2121 32.9° 21
SP-SO-MW1138-0810 COPPER | 33.8:33.8 W MG/KG | 25 ND ] 33.8: 25
MF-SO-MW103-1416  COPPER .  34.4,34.4 ; MG/KG ; 5900 5900 344 . 5900
MF-S0O-SB81-0810 {COPPER 35.8/358 : MG/KG 2626 358 26
BC-SO-SB9-0608 iCOPPER | 374374 1 MG/KG | 25.ND U 74 25
MF-SO-MW104D-0002 'COPPER | 40.3:40.3 " MG/KG 25:ND U 40.3 25
SP-S0-S85-1214 {COPPER | 63.5 63.5 i MG/KG | 25'ND U 635 25
SP-SO-S89-0810 ‘COPPER . 73.3173.3 J IMGKG | 250:250 J 733 250
SP-SO-SB7-0204 COPPER | 735735 1 IMG/KG | 25 ND U 735. 25
BC-SO-582-1214 ICOPPER | 85.4i85.4 1 IMG/KG | 25'ND u 85.4 25
SP-SO-MW111D-1012_ ICOPPER | 91.8/91.8 J 'MG/KG 25 ND ] 918 25
SP-8O-MW110D-0406 ICOPPER: 1021102 MG/KG 25:'ND U 102’ 25
MF-SO-MW1010-0608 'COPPER | _ 106106 ] IMG/KG 70.70 106 70
BC-SO-MW120-0406  'COPPER . _ 108:108 ‘ ‘MG/KG 110110~ J o 108 110
MF-SO-SB2-1416 "COPFER 110 110 MG/KG 5151 110 51
BC-S0-SBBA-1012 "COPPER 129129 J ‘MG/KG 25 ND u 129" 25
SP-SO-MW110D-1012 'COPPER : 1601160 . MG/KG i 110:110 J 160 110
SP-SO-MW1110-0810  (COPPER | 222222 J IMGKG ™ 150 150 J 222150
BC-SO-SB3-0204B COPPER 234,234 J MG/KG . 170.170 J 234 170
MF-SO-SBE-0608 COPPER . 287.287 J IMG/KG 410 410 287 410
MF-SO-SB3-0810 ‘COPPER ©__ 3521352 J IMG/IKG_: 95:95 352, 95
SP-SO-SB86-0608A 'COPPER | 4001400 : MG/KG i 300300 400 300
SP-SO-SB3-1416 .COPPER, 559553 J MG/KG 220220 559, 220
MF-SO-SB2-0608 "COPPER ;  742:742 MG/KG 410,410 742 410
MF-SO-MW103-1618  COPPER 762762 MGIKG 1400 1400 762 1400
SP-SO-MW113B-0406 COPPER 885885 J MG/KG 530.530 885. 530
SP-SO-MW113B-02048 'COPPER | 997 097 J IMGIKG 910:910 997 910
SP-SO-SB8-0002 .COPPER | 1230:1230 J ‘MG/KG . 130071300 1230 1300
BC-SO-S86-0810 ‘COPPER ;145011450 j IMG/KG | 55005500 1450 5500
MF-SO-TP2-0506 'COPPER i 227012270 . ‘MG/KG . 420.420 2270 420
MF-SO-SB7-1416 :COPPER . 23702370 J IMG/KG | 3600 3600 _A 2370° 3600
SP-SO-MW112B-0810A 'COPPER . 283012830 'MG/KG 1400-1400 e 2830 1400
BC-S0-SB5-00028 COPPER 377013770 MG/KG 1000 1000 3770 1000
MF-SO-SB7-0406 COPPER | ~ 4000:4000 J ‘MG/KG 1300 1306 o ... 4000 1300
MF-S0-5B4-1214 COPPER 62606260 'MG/KG 6700 6700 . 6260 700
MF-SQ-SB6-0204 ..COPPER 6390 6390 MG/K 14000 14000 5390 14000
|SP-SO-MW1128-0608 ~ "COPPER 78507850 T T " TMGIKG) 2800 2800 7850 2800
MF-SO-MW102-0406 ~ ™ COPPER 11300 11300 J " TTTMG/KG 4300 4300 _ 11300 4300
SP-SO-584-0406 ___COPPER 12800:12800 4 MG/KG 12000 12000 ) _.___12800 12000
MF-SO-SB4-0406_ ~~_ COPPER _ 13900 13900  J MG/KG 150 150 13900 150
8C-SO-SB3-0204A  COPPER _ 15200 15200 4. __MGKG — 7700 7700 15200 7700
B8C-SO-$B1-0608 COPPER _ 17500 17500~ J =~ MG/KG ___ 5900 5900 17500 5900
SP-$0-S82-02048 COPPER ~ 95200 25200 MG/KG 21000 21000 ... 25200_ 21000
8C-50-584-0204 " "COPPER _ 26300 26300 ____‘MG/KG 720000 20000 726300 20000
BC-S0-SB1-0406 ~ 'COPPER _ 33200.33200 J MG/KG - 17000 17000 .. 33200 17000
MF-SO-MW103-0810 -COPPER _ 34600:34600 MG/KG__~ 19000 19000 34600 19000
BC-SO-SB8-0204A COPPER 49900 48900 J ‘MG/KG 30000 30000 ~ 49900 30000
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Copper Correfation Data ¢

BC-S0-581-02048

"COPPER | 52300

52300

J MGIKG

3900

3900

__§23004

3900

MF-SO-MW103-0608

COPPER | 97900

97900

'MG/KG

40000

40000

I

| _97900!

40000
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Lead Correlation Data

nsample sample_no jlocation ‘para _clp_res scr_res ‘clp _qual scr_qual _units
SP-SO-MW112B-2628  .MAES96 [SP-SO-MW1128-2628 LEAD . 21 0:J U "MGIKG |
[MF-SO-MW104D-3234 {MAES95 'MF-SO-MW104D-3234 ‘LEAD 2.2 0J u _MG/KG_
IMF-SO-MW101D-4850 'MAESB0 !MF-SO-MW101D-4850 LEAD 23 ow v MG/KG_
MF-SO-MW101D-4850-D MAES81 :MF-SO-MW101D-4850 LEAD . 23 0UJ U "MGIKG
MF-SO-MW104D-6062 MAET04 MF-SO-MW104D-6062 LEAD 1 2.5 30J J ‘MG/KG
SP-SO-MW110D-1820 :MAET10 SP-SO-MW110D-1820 LEAD 3 0J U MG/KG |
MF-SO-MW101D-2830 MAES78 MF-SO-MW101D-2830 LEAD 3.1 ou U MG/KG
MF-S0-SB5-1416 MAEG35 :MF-SO-SB5-1416 LEAD . 33 9 U MG/KG
ﬁ-SO-MW102-4244 MAESS94 iMF-SO-MW102-4244 LEAD 3.8 0J U MG/KG
MF-SO-MW104D-4648  MAET03 MF-SO-MW104D-4648 LEAD 58 0J u MG/KG
|MF-SO-SB1-0810 "MAEG32 MF-SO-SB1-0810 LEAD 6 10 U MG/KG
MF-SO-MW102-7880 ‘MAET02 MF-SO-MW102-7880 LEAD 6.5 0J U ‘MG/KG
MF-S0Q-MW102-2224 "MAES79 MF-SO-MW102-2224 LEAD 6.7 0-J U MG/KG
MF-SO-MW104D-1618  MAES91 MF-SO-MW104D-1618 LEAD 7.3 0J U MG/KG
BC-S0O-SB8A-0810 MAET38  BC-SO-SB8A-0810 LEAD 12.3 ou U MG/KG
MF-SO-MW103-1416 MAES98 IMF-SO-MW103-1416 LEAD - 182 2900 J MG/KG
BC-S0O-S89-0608 MAET35 |BC-S0O-SB9-0608 LEAD :  20.8 39: J MG/KG
SP-S0O-5B1-04068 MAES73 [|SP-S0-SB1-0406B LEAD - 26.6 16 J MG/KG
MF-SO-MW104D-0002 'MAES87 iMF-SO-MW104D-0002 LEAD . 2538 0J U MG/KG
SP-80-SB9-0608 {MAET37 | SP-SO-SB9-0608 LEAD 32 0 U MG/KG
SP-SO-MW113B-0810  'MAET25 :SP-SO-MW113B-0810 LEAD 40.1 0 U MG/KG
SP-SO-SB5-1214 ‘MAES83 |SP-SO-SB5-1214 ‘LEAD . 527 0J U MG/KG
BC-SO-MW120-0406 tMAES77  BC-SO-MW120-0406 ‘LEAD : 553 61 J J MG/KG
MF-SO-TP3-0405 ‘MAEH50 |MF-SO-TP3-0405 LEAD ¢ 598 173 MG/KG
MF-SO-SB2-1416 ‘MAEG34 MF-S0-SB2-1416 LEAD ' 725 3 MG/KG
BC-80-S82-1214 MAEF93 ‘BC-SO-SB2-1214 LEAD 759 9 .04 U MGIKG
SP-SO-SB7-0204 MAET06 :SP-SO-SB7-0204 LEAD 8a.9 __ 83 . MG/KG
BC-S0O-SB8A-1012 ‘MAET40 BC-SO-SB8A-1012 LEAD - 941 49 J MG/KG
SP-S0-589-0810 MAET38 SP-SO-SB9-0810 LEAD 101 280 MG/KG
SP-SO-MW111D-0810-D "MAET22 |SP-SO-MW111D-0810 LEAD 122 140 MG/KG
MF-SO-MW101D-0608 MAEHS58 IMF-SO-MW101D-0608 LEAD 130 714 MG/KG
BC-S0-5B9-02048 ‘MAET34 'BC-SO-SBS-0204B LEAD : 137 140" o MG/KG
SP-SO-MW1138-0204B  'MAET24 [SP-SO-MW113B-0204B 'LEAD ° 157 1200 ____ MG/KG
|SP-SO-MW 113B-0406 MAET29 |SP-SO-MW113B-0406 LEAD 182 170 MG/KG
SP-SO- MW111D-1012 MAET23 SP-SO-MW111D-1012 LEAD 183 130 MG/KG
MF-SO-SB3-0810 MAEHS3 ‘'MF-SO-SB3-0810 LEAD 188 18 J_ o MG/KG
|ISP-SO-MW 113B-0608  MAET26 SP-SO-MW113B-0608 LEAD 215 ) 20 T MG/KG
MF-80-8B83-0810-D ‘MAEH54 iMF-SO-SB3-0810 LEAD 227 °9J i MG/KG
SP-50-SB6-0608A ‘MAES84 SP-SO-SBB6-0608A LEAD 273 2704 MG/KG
MF-SO-MW103-1618 .MAET00 IMF-SO-MW103-1618 LEAD 278 500 J . MG/KG
SP-SO-MW 110D-0406 MAET08 {SP-SO-MW110D-0406 LEAD . 305 180J MGG
MF-SQO-SB8-0608 MAET18 {MF-S0O-SB8-0608 LEAD 310 530 ) ___MGIKG
1 SP-SO-MW111D-0810 MAET21 ISP-SO-MW111D-0810 LEAD _§54 o130 MG/KG
|ISP-SO-MW 110D-1012 MAET13 __'SP-SO-MW110D-1012  LEAD _..363 1604 __MG/KG
SP-SO-SB3-1416 _MAES85__ SP-SO-SB3-1416 ~ LEAD 458 180J MG/KG
MF-50-582-0608 MAEG33 MF-SO- 8‘82 0608 LEAD 5373 220 MG/KG
_'b DO CCC \.unu o 'IV]I'\I_DI o] Du -3C-3 -SEZ- ..u ] ,LEAD L _34{5 vLOU J MG_/_KG_
MF- SO TP2_ O§0§ _ . _MAEH49 Mf SO- -TP2-0506 LEAD 1290 270 MG/KG
$9.SC-589-C0C2 ©  TMAETS3 T SP.50-8BsweC2 | LEAD. 140 1100 MG/KG
MF- Sp_S__BZ -0406 __MAET17  MF-SO-SB7-0406 LEAD 1890 670 _ MG/KG
SP-SO- -MW 1 12B-0810A _MAES93 iSP-S0- MW1£$_9§10A L_EAQ_ _1870 _630 J MG/KG
BC-SO-585-00028 MAES75 _BC-SO-SB5-00028  LEAD. 2480 680 J MG/KG
MF S0-584-1214 MAEHS55 MF-SO-SB4- 1214 LEAD_ 3220 ,ggq_ MG/KG
MF-SO-SB7-1416 MAET16 ‘MF-SO-SB7-1416 LEAD 3980 3000 " MGKG
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Lead Correlation Data

SP-SO-MW112B-0608 _|MAESS2 _|SP-SO-MW112B-0608 |LEAD . 53601 1200'J MG/KG
MF-SO-MW102-0406 _ |[MAES71 |MF-SO-MW102-0406 |LEAD| _7400] 2300J 'MGIKG
MF-SO-MW102-0406-0 |MAES72 | MF-SO-MW102-0406 _|LEAD ___ 7450 _27001J MG/KG
MF-50-586-0204 MAEH48 _ MF-SO-SB6-0204 LEAD . 9600 6600 "MGIKG
SP-50-5B4-0406 [MAESB6__|SP-S0-S84-0406 LEAD ; 11500] _8200[J 'MGIKG
BC-SO-SB1-0608 __ MAESB9 'BC-SO-SB1-0608 LEAD _11500:__4800;J MG/KG |
MF-SO-SB4-0406 IMAES88 _ |MF-S0-SB84-0406 LEAD . 11600 310]J MG/KG
BC-S0-5B3-0204A IMAEHS7 'BC-SO-SB3-0204A LEAD ~_12000! _5800]J MG/KG
SP-SO-5B82-02048 MAES82 [SP-50-SB2:0204B____LEAD _ 13600-_ 91001J "MG/KG
MF-SO-MW103-0810  'MAESSS  MF-SO-MW103-0810___LEAD _ 14900 6300;J MG/KG
MF-SO-MW103-0608 _ IMAET01 _MF-SO-MW103-0608 _ILEAD _ 25600 7200'J MGIKG
BC-S0-SB8-0204A IMAET27 _BC-SO-SB8-0204A __ LEAD 32400 18000l 'MG/KG
BC-S0-584-0204 [MAES74__BC-SO-SB4-0204 [LEAD . 32600, 11000}J ‘MG/KG
BC-SO-SB1-0204B MAEF91 [BC-S50-SB1-0204B____ 'LEAD 32900' _2100!J "MG/KG
BC-SO-SB1-0406 IMAEF92__|BC-SO-SB1-0406 'LEAD__38700°_16000iJ "MG/KG
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Aroclor 1262 Correlation Data

insample :sample_no location _ ipara .. Clp_res scr res qual ‘units_ _scr_qual
MF-SO-MW104D-6062 _SAA687 _.MF-SO-MW104D-6062 |AROCLOR-1263 __ 185 100U  UGKG U
MF-SO-MW102-2224 —SAA663 __ MF-SO-MW102-2224 'AROCLOR-1262 185 100U  UGKG U
MF-SO-MW102-7880 _ SAA685 _ MF-SO-MW102-7880 AROCLOR-1262 ~ 19 100U _UGKG U
MF-§0-585-1416 SA4046  MF-SO-SB5-1416 AROCLOR-1262 19 100 U UGIKG U
SP-SO-MW110D-1820 'SAA6S4 SP-SO-MW110D-1820 'AROCLOR-1262 _ 19.5 100 UJ "UGIKG U
MF-SO-SB1-0810 :SA4043  MF-SO-SB1-0810 'AROCLOR-1262 20 100 U___UG/KG U
MF-SO-MW104D-0002 _SAAB71  MF-SO-MW104D-0002 | AROCLOR-1262 20 100 U __UGIKG U
MF-SO-MW104D-3234  SAAG78  MF-SO-MW104D-3234 AROCLOR-1262 20 100 U UG/KG U
MF-SO-MW101D-4850  SAA664  MF-SO-MW10104850 ' AROGLOR-1262 20 100U UGKG U ~
MF-SO-MW101D-4850-D _SAAB65 MF-SO-MW101D-4850 'AROCLOR-1262____ 20 _ 100U UGKG U~
MF-SO-MW101D-2830 :SAAB62 MF-SO-MW1010-2830 'AROCLOR-1262__ 20.5 _ 100 U UG/KG U
SP-SO-MW112B-2628 SAAG79 'SP-SO-MW112B-2628 AROCLOR-1262__ 20.5 _ 100 U UG/KG u
MF-SO-MW102-4244 _ SAA677 _ 'MF-SO-MW102-4244 __ AROCLOR-1262 225 100 U UGKKG U
MF-SO-MW104D-4648 SAA686 MF-SO-MW104D-3648 AROCLOR-1262 235 100 U GUGIKG U
SP-50-5B1-04068 iSAA651  'SP-SO-SB1-04068 "AROCLOR-1262 26 _100J UGG U
BC-SO-SBY-0608 SA3041  "BC-SO-SB9-0608 :AROCLOR-1262 29 ___100J UGIKG U
MF-SO-MW104D-1618  :SAA674  MF-SO-MW104D-1618 'AROCLOR-1262 315 100U _UG/KG U
MF-SO-MW103-1416 _ |SAAG81  MF-SO-MW103-1416  AROCLOR-1262_ 385 __ 100U UG/KG U
SP-S0-5B5-1214 'SAA667 SP-SO-SBS-1214 IAROCLOR-1262 51 __100J UGKG U
SP-SO-MW113B-0810 SA2742  SP-SO-MW113B-0810 _ AROCLOR-1262 8__ 100J  UGKG U
BC-SO-SBBA-0810 'SA2773  'BC-SO-SBBA-0810 AROCLOR-1262 69 100J _ UG/KG U
SP-SO-MW113B-0204B |SA2741  SP-SO-MW113B-02048 AROCLOR-1262 72 100.J __ UG/KG U
MF-SO-SB2-1416 'SA4045 MF-SO-SB2-1416 AROCLOR-1262 76 100 J _ UG/KG U
MF-SO-TP3-0405 SAAB40 _ MF-SO-TP3-0405 AROCLOR-1262_ 79~ 100 UG/KG U _
SP-SO-SB7-0204 :SA2748 _ SP-S0-SB7-0204 .AROCLOR-1262 90  100J UGG U
SP-SO-MW113B-0406  SA2746 _ SP-SO-MW113B-0406 _AROCLOR-1262 99 100J UGIKG U
SP-SO-MW1100-0002  :SAA696  SP-SO-MW110D-0002 AROCLOR-1262 140 100 J  UG/KG U
BC-SO-SB9-0204B SAA656  BC-SO-SB9-02048 AROCLOR-1262 180  100J UGG U
SP-SO-SB9-0810 SA9043  SP-SO-SB9-0810 AROCLOR-1262 230 360 J _ UG/KG
MF-SO-SB3-0810 SAAB52  'MF-SO-SB3-0810 AROCLOR-1262 230 100J _ UGIKG U
[SP-SO-MW1100-0406 __SAA692  SP-SO-MW110D-0406__ AROCLOR-1262 240 100 UGKKG U
SP-SO-S86-0608A :SAAB68 SP-SO-SB6-0608A 'AROCLOR-1262 _ 260 100 J UGIKKG U
MF-SO-SB4-1214 !SAAG54  MF-SO-SB4-1214 'ARCCLOR-1262 280 100 UG/KG U
BC-SO-SB2-1214 _SAAB45 BC-SO-SB2-1214 ‘AROCLOR-1262 280 - 220 UGIKG
MF-SO-SB3-0810-0 SAAG53  MF-SO-SB3-0810 AROCLOR-1262 _ 320 _ 100 J _UGKG U~
BC-SO-SBB8A-1012 _SA2774__ BC-SO-SBBA-1012 ‘AROCLOR-1262 330 100 J  UG/KG U
|SP-SO-MW111D:0810-D__SA273§__ SP-SO-MW1110- 0810 ARCCLOR-1262 340 100J __UGIKG U
MF-SO-SB8-0608 SA2734  MF-SO-SB8-0608 AROCLOR-1262 340 100 J_ ~UG/KG U
BC-SO-MW120-0406 ' SAA661  'BC-SO-MW120-0406 AROCLOR-1262_ _ 380 100 UGKKG U
SP-SO-MW111D-0810 ' SA2738  SP-SO-MW111D-0810 AROCLOR-1262 500 _ 100J UGG U
MF-SO-MW101D-0608 _|SAAG48  MF-SO-MW101D-0608 AROCLOR-1262 540 _ 100 UGIKG U
[MF-SO-TP2-0506 _ SA4048  MF-S50-TP2-0506 AROCLOR-1262 550 100 UGIKG U __
SP-SO-SB9-0608 SA9042 _ SP-SO-SB9-0608, AROCLOR-1262 580 100 J  UG/KG U
MF-SO-5B7-0406 SA2733  MF-SO-SB7-0406 AROCLOR-1262 650 _ 100 J _ UGIKG U
[SP-SO-SB4-0406 SAA670__'SP-S0-5B4-0406 AROCLOR-1262 1100 ~ 9100 UGIKG
[MF-S0-S82-0608 SA4044  MF-50-5B82-0608 _AROCLOR-1262 1500 2800 J = UG/KG
BC-S0-SB5-00028 _SAAGS9 BC-SO-SB5-00028 ~ “AROCLOR-1252 2100 410 J  UGIKG
MF-SO-MW102-0406-D ~ SAAB50  MF-S0-MW102- 0406 AROCLOR-1252 2500 200 UG/KG
SP-S0-SB3-1416 'SAAGEY  SP-SO-SB3-1416 AROCLOR-1252  28C0  18CJ  UGKG U
MF-SO-MW102-0406  SAAB49  MF-SO-MW102-0406  AROCLOR-1262 2900 400 UGIKG U
SP-SO-MW112B-0608 ~ SAAE75  SP-SO-MW112B-0608 AROCLOR-1262 3600 1700 U UGIKG
SP-30-588-0002 SAABS5  SP-SO-SB8-0002  AROCLOR-1262 7700 1800 J ~ UGIKG
[BC-SO-SB1-02048 SAAB43  BC-SO-SB1-02048 _AROCLOR-1262 17000 240 UG/KG
MF-SO-MW103-0810 ~ 'SAABB2 ~ MF-SO-MW103-0810° _AROCLOR-1262 21000 1900 "UGIKG
BC-SO-586-0810 ‘SAABE0__ BC-$0-5B6-0810 _AROCLOR-1262 230000 400 UG/KG
MF-SO-SB7-1416 SAAB90  MF-SO-SB7-1415 ~ AROCLOR-1262 36000 100 J* UG/KG U
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Aroclor 1262 Correlation Data

MF-S0-SB6-0204 |SA4047  |MF-SO-SB6-0204 AROCLOR-1262! 48000!  780: 'UG/KG ”
BC-SO-SB3-0204A 'SAA647  |BC-SO-SB3-0204A AROCLOR-1262| 70000 1100 UG/KG |
BC-S0O-SB4-0204 SAAE58  |BC-SO-SB4-0204 AROCLOR-1262' 790001 2300! UG/KG :
BC-S0-SB1-0406 SAAB44  'BC-SO-SB1-0406 AROCLOR-1262' 81000: 2100 ‘UG/KG :
SP-SO-SB2-02048 SAAB66  |SP-SO-SB2-02048 AROCLOR-1262: 97000: 12000 IUG/KG :
BC-SO-S88-0204A SA2744  |BC-SO-SB8-0204A AROCLOR-1262:230000! 2900 UG/KG -
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Aroclor 1268 Correlation Data

nsample :sample_no {location ‘para clp_ res scr_res cip_qual scr_qual units
MF-SO-MW102-2224 _ SAAG63 |MF-SO-MW102.2374 {AROCLOR-1268 200:J U UG/KG |
MF-SO-MW102-7880 _ SAAG85 _|MF-SO-MW102-7880 ;AROCLOR-1268___ 35 5 200.J U UG/KG ]
[MF-SO-TP3-0405 SAA640  MF-SO-TP3-0405 AROCLOR-1268 19200 J u _UGIKG]
SP-SO-SB1-04068 'SAAB51 _ |SP-SO-SB1-04068 |AROCLOR-1268. 32 200J U UGIKG
BC-SO-SB9-0608 .SA9041 _ BC-SO-SB9-0608 AROCLOR-1268. 33 200:J U “UGKG
MF-SO-MW103-1416 _ 'SAA681 'MF-SO-MW103-1416 _ AROCLOR-1268 34 200J u UG/KG
MF-SO-MW104D-6062 SAAB87 MF-SO-MW104D-6062 ;AROCLOR-1268 7. 200U ] UG/KG
MF-SO-SB5-1416 SA4046 MF-SO-SB5-1416 ‘AROCLOR-1268 38 200U U UGIKG
SP-SO-MW110D-1820 SAA694 SP-SO-MW110D-1820 .AROCLOR-1268 39 200UJ° U_ UGIKG
MF-SO-SB1-0810 :SA4043  'MF-SO-SB1-0810 .ARCCLOR-1268 40 200U U UG/KG
MF-SO-MW104D-0002  -SAA671  MF-SO-MW104D-0002 AROCLOR-1268 40 200U U UG/KG
MF-SO-MW104D-3234 SAA678 'MF-SO-MW104D-3234 .AROCLOR-1268 40 200U U UG/KG
MF-SO-MW101D-4850 _SAA664  MF-SO-MW101D4850 AROCLOR-1268 40 200U U UG/KG
MF-SO-MW101D-4850-D SAAB65  MF-SO-MW101D-4850 ‘AROCLOR-1268___ 40 200U U _ UGIKG
MF-SO-MW101D-2830__SAA662 __ MF-SO-MW101D-2830 ,AROCLOR-1268 41 200U u _UGIKG
SP-SO-MW112B-2628 SAA679 i SP-SO-MW112B-2628 |AROCLOR-1268: 41 200U U UG/KG
MF-SO-MW102-4244 _ 'SAA677 MF-SO-MW1024244 AROCLOR-1268 45 200.U u UG/KG
MF-SO-MW104D-4648 SAA686  MF-SO-MW104D-4648 AROCLOR-1268 47 200U u UG/KG
SP-SO-SB6-0608A 'SAAG68 _ :SP-SO-SB6-0608A 'AROCLOR-1268 51 200J U "UG/KG
MF-SO-MW104D-1618 . SAA674 _'MF-SO-MW104D-1618 AROCLOR-1268 63 200U u UGIKG
SP-SO-MW113B-0204B iSA2741 ' SP-SO-MW1138-0204B AROGCLOR-1268 85 200 J U UGIKG
SP-SO-MW113B-0810 iSA2742 SP-SO-MW1138-0810 AROCLOR-1268 78 2004 U UGIKG
BC-SO-SB8A-0810 SA2773  BC-SO-SB8A-0810 AROCLOR-1268. 82 200 J v UGIKG
SP-SO-SB5-1214 iSAAB67 ' SP-SO-SB5-1214 '/AROCLOR-1268 84 200 u UG/KG
MF-S0-SB2-1416 'SA4045 _MF-S0-SB2-1416 AROCLOR-1268 92 200 U UGIKG
BC-SO-MW120-0406 . SAAG61  BC-SO-MW120-0406  AROCLOR-1268 120 200 J u UG/KG
SP-SO-587-0204 ISA2748  SP-SO-SB7-0204 'AROCLOR-1268 130 200 J U UGIKG
BC-SO-SB9-0204B ‘SAAG56__ BC-SO-SB9-02048 AROCLOR-1268 130200 J U~ UGIKG
SP-SO-MW113B-0406 _'SA2746  SP-SO-MW113B-0406_ AROCLOR-1268 150 200 J u UGIKG
SP-SO-MW110D-0002 _ SAA696 _ SP-SO-MW110D-0002 ARCCLOR-1268___ 200 210 J UGIKG
MF-SO-SB3-0810 'SAA652  MF-SO-SB3-0810 AROCLOR-1268 250 200 J U UGIKG
SP-SO-SB9-0608 SA9042  SP-50-SB9-0608 'AROCLOR-1268  260: 200 J _ U~ UGIKG
MF-SO-SB4-1214 SAA654  MF-SO-SB4-1214 AROCLOR-1268 260 200 u UG/KG
SP-SO-MW1100-0406 _{SAA692 SP-SO-MW110D-0406 AROCLOR-1268 270 200 J U UGIKG
MF-SO-SB7-0406 iSA2733  MF-SO-SB7-0406 AROCLOR-1268 340 200J_ U UGKKG
BC-SO-SB2-1214 SAAB45 BC-SO-SB2-1214 AROCLOR-1268 340 200 U UGIKG
MF-SO-SB3-0810-D__ _'SAAB53 'MF-SO-SB3-0810 __ AROCLOR-1268 350 200 J U ~ UG/KG
|SP-SO-589-0810 SA9043  SP-S0-589-0810 AROCLOR-1263 400 _ 380 J UG/KG
[SP-§0-MW111D-0810 _SA2738__SP-SO-MW111D-0810 _AROCLOR-1268 420 200 U UG/KG
BC-SO-SB8A-1012 {SA2774 ' BC-SO-SB8A-1012 AROCLOR-1268 450 200 J UG/KG
MF-SO-SB8-0608 iSA2734  .MF-SO-588-0608 AROCLOR-1268° 490 200 J__ U —  UGIKG
MF-SO-TP2-0506 {SA4048 - MF-SO-TP2-0506 AROCLOR-1268 __ 500_ 200 U UGG
MF-SO-MW1010-0608 SAAG48  MF-SO-MW107D-0608 AROCLOR-1268 620 200 U _ —_UGIKG |
SP-SO-MW1110-0810-D SA2736  SP-SO-MW111D-0810 'AROCLOR-1268 _ 760 _ 2004 U —_ UGIKG]|
MF-50-SB2-0608 SA4044  MF-SO-SB2-0608 AROCLOR-1268 _ 1200 1600 . UGIKG
SP-SO-SB4-0406 SAA670 _SP-SO-SB4-0406 AROCLOR-1268 1600  3600_ " UG/KG|
[MF-SO-MW102-0408-D ~ SAA650 _ MF-SC-MW102-0206 __ AROCLOR-1268_ 1600 200’ U UGIKG
MF-SO-MW102-0406 _SAAB49 _ MF-SO-MW102-0406  AROCLOR-1268 1800 200 U  UGIKKG
SP-SC-SB3-1416 _SAAGES  SP-8O-SB3-1416 __ AROCLOR-1268 2100 200 U UGIKG
|SP-SO-MW1128-0608 _SAA675  SP-SO -MW1128-0608 _AROCLOR-1268 2100 780 UGIKG
[BC-SO-S85-00028  SAA659  BC-SO-SB5-00028 AROCLOR-1268 3800 ~ 290 UGIKG
IMF-SO-MW103-0810 _ 'SAAGB2 _ MF-SO-MW103- -0810  ARCCLOR-1268 9300 640 UGIKG
SP-SO-SB8-0002 ~  SAAB55  SP-50-5B88-0002 AROCLOR-1268 11000 17004 " UGKKG
[BC-SO-SB1-02048 SAAG43  BC-SO-SB1-0204B  AROCLOR-1268 20000 200 U UG/KG
BC-S0O-SB6-0810 SAABB0 _ BC-SO-S86-0810 ~ ~ AROCLOR-1268 41000 1000 UGIKG
BC-SO-SB3-0204A _ 'SAAB47  BC-50-SB63-0204A  AROCLOR-1268 44000 340 _ UGIKG
MF-SO-SB6-0204 SA4047  MF-SO-SB6-0204 AROCLOR-1268 48000 580 UGIKG
MF-SO-SB7-1416 SAABI0  MF-SO-SB7-1416 AROCLOR-1268 50000 200 J * U UGIKG
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Aroclor 1268 Correlation Data

SP-S0-SB2-02048

SP-S0O-SB2-0204B |SAABB6 IAROCLOR-1268; 57000] 2200 UGIKG
B8C-S0-SB4-0204 [SAAB58  |BC-SO-SB4-0204 AROCLOR-1268! 93000 1800; UG/KG
BC-SO-SB1-0406 |SAAG44  |BC-SO-SB1-0406 AROCLOR-1268;100000/ 1800! UG/KG
BC-S50-588-0204A 'SA2744  :BC-SO-SB8-0204A ‘AROCLOR-1268'300000/ 1500:J UG/KG
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SUMMARY OUTPUT

Regression Stalislics

Muitiple R
R Square

Adjusted R Square

Standard Error

0.864407719
0.747200705
0.743427582
4504.308087

Lead Linear Regression Output

Observations 69
ANOVA
df SS MS F Significance F

Regression 1 4017837739 4017837739 198.032385 1.10015E-21
Residual 67 1359349020 20288791.34
Totat 68 5377186759

Coefficients _ Standard Error t Stat P-value Lower 95% Upper 95%  Lower 50.0% Upper 50.0%
intercept 557.588161  600.8487517 0.928000865 0.356738283 -641.7112978 1756.88762 150.1110006 965.0653215
X Variable 1 2124784321  0.150989499 14.07239798 1.10015E-21  1.823407937 2.426160706 2.022387883 ~ 2.22718076
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Copper Linear Regln-

.on Output (Low-range Data)

SUMMARY OUTPUT
Regression Statistics
Multiple R 0.852977736
R Square 0.727571018
Adjusted R Square 0.677571018
Standard Error 212.3416465
Observations 21
ANOVA
af S8 MS F __Significance F

Regression 1 2408365741 2408365.741 5341362827 6.24751E-07
Residual 20 901779.4968 45088.97484
Total 21 3310145.238

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 0 #N/A #N/A #N/A #N/A #N/A #N/A #N/A
X Variable 1 0.918791541  0.092076695 9.978546048 3.28009E-09 0.72672301 1.110860072 0.72672301 1.110860072
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Copper Linear Regression Output (Mid-range Data)

SUMMARY OUTPUT
Regression Statistics

Multiple R 0.713327397
R Square 0.508835975
Adjusted R Square 0.471798938
Standard Error 1153.781792
Observations 28
ANOVA

df SS MS F Significance F_
Regression 1 372359455 372359455 27.9714528 1.57064E-05
Residual 27 3594273546 1331212.425
Total 28  73178680.96

Coefficients  Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept 0 #N/A #N/A #N/A #N/A #N/A #N/A #N/A
X Variable 1 0.807749021  0.118003473 6.845129239 2.3605E-07

0.565626057 1.049871986 0.565626057 1.049871986
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SUMMARY OUTPUT

Regression Slalistics

Multiple R
R Square

Adjusted R Square

Standard Error

0870217975
0.757279324
0.741654324
3786.611241

Copper Linear.  ession Output (All Data)

Observations 65
ANOVA
df SS MS F Significance F

Regression 1 2863061909 2863061909 1996775776 3.35283E-21
Residual 64  917659180.1 14338424.69
Total 65 3780721089

Coefficients  Standard Error t Stat P-value Lower 95%  Upper 95% Lower 95.0% Upper 95.0%
Intercept 0 #N/A #N/IA #N/A #N/A #N/A #NIA #N/A
X Variable 1 0432816293  0.027008707 16.02506504 4.38521E-24 0.378860246 0.48677234 0.378860246 0.48677234
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Aroclor 1262 Linear Regression OQutput

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.386977446
R Square 0.149751544
Adjusted R Square 0.133358101
Standard Error 1802.075377

Qbservations 62
ANOVA
df SS MS F Significance F

Regression 1 34890018.25 34890018.25 10.74373509 0.001742955
Residual 61 198096015.6 3247475.666
Total 62  232986033.9

Coefficients  Standard Error t Stat P-value Lower 95% Upper 95%  Lower 95.0% Upper 95.0%
Intercept 0 #N/A #N/A #N/A #N/A #N/A #N/A #N/A
X Variable 1 0.028137317  0.006181947 4.551529905 2.5955E-05 0.015775746 0.040498888 0.015775746 0.040498888

Page 1



SUMMARY QUTPUT

Regression Statisiics

Multiple R
R Square

Adjusted R Square

Standard Error

0.429221558
0.184231146
0.170634998
38817.30776

Aroclor 126

«ear Regression Output

Observations 62
ANOVA
df SS MS F Significance F

Regression 1 20417285635 20417285635 13.55024609 0.000499429
Residual 60 90407002918 1506783382
Total 61  1.10824E+11

Coefficients  Standard Error t Stat P-value Lower 95% . Upper 95% Lower 50.0% Upper 50.0%
Intercept -204.9824707 6072.973874 -0.033753228 0.973185972 -12352.73494 11942.77 -4326.106874 3916.141933
X Variable 1 29.09476683 790389732 3.681065891 0.000499429 13.28462337 44.90491029 23.73117647 34.45835719
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Copper t-Test Output

t-Test: Two-Sample Assuming Equal Variances

Variable 1 Variable 2

Mean 6700.495385 3549.830769
Variance 2615259293 59073767.02
Observations 65 65
Pooled Variance 160299848 .2
Hypothesized Mean Difference 0
df 128
t Stat 1.418656658
P(T<=t) one-tail 0.079214719
t Critical one-taji 1.656844688
P(T<=t) two-tail 0.158429439

t Critical two-tail 1.978669388




Lead t-Test Output

t-Test: Two-Sample Assuming Equal Variances

Variable 1 Variable 2
Mean 4199.56087 1714.043478
Variance 79076275.86 13087412.01
Observations 69 69
Pooled Variance 46081843.94
Hypothesized Mean Difference 0
df 136
t Stat 2.150608854
P(T<=t) one-tail 0.016637564
t Critical one-tail 1.656135282
P(T<=t) two-tail 0.033275128
t Critical two-tail 1.977559805
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Appendix F.2

Summary of RSRs Developed by
B&RE for New London (1998)
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BrOWn & HOOt EnVII’Onmental rspyren A IS’_’.O-iT;;;

Y Bl g Baat 3
T49-12-7-188
December 23, 1997

Brown & Root Environmental Project Number 7237

Mr. Mark Lewis

Connecticut Depantment of Environmental Protection .
‘Water Management Bureau -
Sermitting, Enforcement. and Remediation Division

=ederal Remediation Program

-9 Elm Street

Hartford. Connecticut 06106-5127

Reference;: CLEAN Contract No. N62472-90-D-1298
Contract Task Order No. 0260

Subject: Calculated CTDEP Remediation Standards
Lower Subase Remediai Investigation _
Naval Submanne Base - New London, Groton, Connecticut

Jear Mr. Lewis:

'n preparauon of the Lower Subase Remedial Investigation (R1) Reopcri. Erown & Root (B&R?
Snvironmental has calculated Remediation Stancaras folicwing the State of Connecucy:
Remedqiation Stanaard Regulations of January 1996. Stancaras were developed for ail
cnemicals that were analyzed for during the Rl sampiing and analysis program that did not
have previcusly established CTDEP siandards. The intent of this memo is to identify the
sources cof the standards to be used in the Rl Report and to identify those values which have
Deen developed by B&R Environmental using the State guidance.

Sackground informaticn and the calculated Remediation Stancaras are provided in Table -
and Table Z. respecuveiy, wnich are encicsed. Table 1 summanzes the basis {cr the chemica:-
specific remediation siandargs (i.e., promuigatea. calcuiated. cr calculateq using a surrogate!
0 be inciuded in the R!. The calculated soii Direct Exposure and Pcilutant Mability standaras.
as weil as the Grounawater Stangard. are provided in Table 2.

't should be noted that pollutant motility and grouncwater stancards {or GA ciassifiec
grounawater are provided in Table 2 for ccmpleteness. The groundgwater at the Lower Subase
's classifled as GB. therefore standargs applicable tc GB ciassifiec grounawater will te
empnasized in the Lewer Subase R Repor.



Mr. Mark Lewis ~

Connecucut Depantment of Environmental Protection
Decemper 23, 1997 - Page 2

B&R Environmental intends on using these criteria. as well as Region Ill RBCs. as panr cf the
human health risk assessment for the Lower Subase R! to screen for chemicais of potential
concem. Therefore. B&R Environmental, on the behalf of the United States Navy, requests
that the CTDEP review and approve the stancards in Table 2. It is hoped that prior approvai of
the cntena wiil alleviate unnecessary revisions to the Rl Repcrt in the future and expeqgite any
additicnal risk-related work required by the State (i.e.. application for use of alternative critena).

Oue to the current time ccnstraints far preparing the Lower Subase R, it is requested that the
CTDEF complete their review by no later than January 16. 1997. If you have any gquesuons
regaraing the infermation provided in the tables or the schedule for the review please contact
Mr. Mark Evans at (610) §95-0567 (ext. 162) or me at (412) €21-8244.

Very truly yours.

Project Manager

Enclosure(s)

c Mr. Mark Evans, NORTHDIV
Mr. Richard Conant. NSB-NLON Envircnmental
Ms. Karen Smecxer, 2&R Environmental
File: CTQ 0260



TABLE 1

SOURCE OF CONNECTICUT REMEDIATION STANDARDS
CTO 260 LOWER SUBASERI

NEW LONDON. GROTON, CONNECTICUT

PAGE 1 OF 4
Basis of Value to be Used in R! Report ]
Chemicai CAS Chemical Promuigatec | Calculated '  Sumogate
Number | Fraction Value!" ‘ Value'? Calculated |
Vaiue |
Acenapnthene 83329 SVOC ! X |
Acenaonthylene 208968 SvOoC X i | |
Anthracene 120127 SvOC X I |
Acetcne 67641 vOoC X | i
Aldrin 308002 | PEST X
Aluminum 7429905 | INORG B - o
Antimony 7440360 | INORG X ]
Arsenic 7440382 INORG X | I
8anum 7440393 INORG X | |
Benzene 714321 VvOC X | | i
Benzia)anthracene l 565831 5SvOC X I | [
Benzo(b)fluoranthene 2059821 SvOC X | | !
Benzo(k)fluoranthene 207089 | SVOC X | | !
Benzo(g,h,i)perylene 191242 | SVOC X
(naphthalene)
Benzota)pyrene 50328 SvOC X
Beryltium 7440417 | INORG X
BCH (alpha-) 319846 PEST i X
BCH (beta-) 3198587 PEST | X
BCH (aefta-) 319868 | PEST X |
(aipha-BHC) |
BCH (gamma-: Lindane) 58899 PEST X I
Bis(2-chioroethoxy)methane 111811 | SVOC 9 | 2 e
Bis(2-chicroethyi)ether 111444 SVOC X !
Bis(2-ethyihexyl)phthalate 117817 SVOC X I | i
Sromocnioromethane 74975 vOC ‘ X ;
| (chioromethane:
Bromoaichioromethane [ 75274 voC ! X ' :
Bromotorm ] 75252 vOC X | | :
Bromomethane | 74839 vOC ! X I
4-Bromophenyl-phenyiether 101553 SVOC | X |
2-Butanone 78933 VvOC X | |
Butylbenzylphthalate 85687 | SvOC X | I
Cadmium 7440439 | INORG X | ] |
Calcium 7440702 | INORG s | ® [ @ I
[Carpazole | 86748 | SVOC | I X ! ;
Carvon aisuifide | 75150 voC | | fal !
Caroon tetrachicride ] 56235 vOC | X I { I
Chiorcane (alpha-) J 57749 | PEST X! I ! ;
Chiorcane igamma-) 57749 | PEST X' | ! '
4-Chloroaniline 106478 | 3SvOC | X | I
Chiorcocenzene 108907} VvOC X ) | :
Chlorogibromomethane 124481 vOoC X i | !
Chlgroethane 1 75003 vOC | X :
Chicroform | 67663 voC | X [ !
iChloromethane | 74873 | VOC | ! X i i




TABLE 1

SOURCE OF CONNECTICUT REMEDIATION STANDARDS
CTO 260 LOWER SUBASE RI

NEW LONDON, GROTON, CONNECTICUT

PAGE 20QF 4
Basis of Value to be Used in Rl Report
Chemicai CAS Chemical P--muigatea Calculated Surrogats
Number | Fraction alue'" Value? Calcuiated
Vajue!'?
4-Chioro-3-methyiphenot 39507 SvOC X
(3-methyiphenoi
2-Chioronaphthatene 91887 | SVOC | | S
2-Chiorophenol 96578 1 SVOC X
4-Chloropnenyl-phenytether 7005723 | SVOC X
(4-Bromophenyt-
phenyiether)
Chromium (total) INORG x4
Chrvsene 218019 SVOC | X
Cobar | 7440484 | INORG | ] X
Cooper | 7440508 | INORG | “ - @
4.4-00D 72548 | PEST X |
4.4-00E 72559 | PEST X
4.4-007 50293 | PEST X
Cibenzoturan 132648 | SVOC X
Dibenzia.h)anthracene 53703 SvOC X
1.2-Dibromo-3-chiorocropane 96128 vOC X
1.2-Dibromoethane 108934 voC X
1.2-Dichiorobenzene 95501 | vVOC/SVOC X
1.3-Dichiorobenzene 541731 | VOC/SVOC X )
1,4-Dichiorobenzene 106467 | VOC/SVOC X
3,3"-Dichloronenzidine 91941 | SVOC | X
1.1-Dichioroethane 75343 | VOC X
1,2-Oichloroethane 1070621 VvOC X
1.1-Dichioroethene 75354 | VOC X '
i 1.2-Oichioroethene (c:s-) | 1565821 VvOC X | !
i1.2-Dichloroetnene itrans-) f 1566051 VOC X | | '
1.2-Dichioroethene (totaf) | 1566081 VOC | | X | I
2.4-Oichloropnenoi 1208321 SVOC | X ! ‘ !
1.2-Dichloropropane 78875 vOC | X | '
1.3-Dichioroprogene (cis-) | 542756 vOC | X | '
1.3-Oichiorcpropene (trans-) | 542758 vOoC | X | !
Dieldnn 60571 PEST | X { l
Oiethyl pnthalate 84662 SvoC | i X |
2.4-Oimethyiphenal 105679 SVOC | X i |
Cimethviphthatate 131113 ] SVOC | X l i
Di-n-outyiphthalate 84742 | SVOC X ! !
Ci-n-octyiphthaiate 1178401 S3VOC | X | !
4 .8-Dinitro-2-methylonenot 834521 |. SVOC | i X |
2.4-Dinitroonenot i £1285 | SVOC | | X “
2.4-Dinitrotcluene 121142 |  SVOC | | X ! !
2.6-Dinitrototuene 606202 | SVOC | | X |
Endesulfan | 115287 | PEST | { X' |
Endosuifan il 115297 | PEST | | X
Enaosuifan suifate 1031078 PEST - X
{endasuifan)



TABLE 1

SOURCE OF CONNECTICUT REMEDIATION STANDARDS
CTO 260 LOWER SUBASE RI

NEW LONDON, GROTON, CONNECTICUT

PAGE 3 OF 4
Basis of Value to be Used in RI Repornt I
Chemical CAS Chemical Promulgated Calculated i Surrogaw
Number | Fraction Value!" Value'® i Caleulated
l Value'?'
Endnn 72208 | PEST X |
Endnin atdehyge 7421363 | PEST ’ X
) (endrim)
Endnn xetone 534947057 PEST X
(endrin)
Ethvibenzene 100414 vOQC X
Fluoranthene 206440 SVOC X
Fiucrene 867371 SVOC | X l
Heptacnior 76448 | PEST | X [
Hectachlor epoxige 1024573 | PEST A I
Hexacniorobenzene 118741 | SVOC X ]
Hexacnlorobutagiene 87683 SVOC | X
Hexacniorocycioventagiene 77474 | SVOC | ! X
Hexacnloroethane 67721 SVOC X I
2-Hexanone 73663715 | VOC X
Indenot1,2,3-cdipyrene 193395 SVOC X
ron 7439896 | INORG @ - ! -
Isoohorone 78591 SVOC X
Ceaa 7436281 | _INORG | X . _
Magnesium 7439954 | INORG | o < =
Manganese 7439965 INORG | X
Mercury 7439976 INORG | X
Methoxvchior 72435 PEST | X
Methviene chionae f 750921 VvOC | X f |
2-Methvinaonthaiene - | 91576 | SvOC | | X | !
l4-Methvi-2-pentanone i 108101 | vOoC ! < ’ : ;
‘Z-Methvionenaos I 95487 | SVOC | I X ! !
4-Metnyiphenol | 106445 | SVOC | | X ‘ !
Napnthalene 91203 SVOC X | '
Nicke) 7440020 INORG X
2-Nitroaniiine 88744 SVOC X
3-Nitroaniiine 99092 SVQC X
4-Nitroaniiine 100016 SVOC | X |
Nitrobenzene 58953 SVOC | X |
2-Nitropnenol 88755 | SvOC X
L (4-nitrachencl) |
[4-Nitrccnenoi | 100027 1 SVOC . : a ' "
N-Nitrosogiphenyianmine | 86306 | SVOC | | X ' !
N-Nitrosoai-n-prooylamine | 621647 | SVOC | f X ' m l
2.2-Oxvois(1-chiorceropane) | 108801 | sSvOC ! s ! e ' '
Pentacnioropnenor l 37865 | SvOC . X | !
Phenanthrene 85018 SvVvOoC | X )
1 l (napnthaiene) |
Phenai | 108952 | SvOC < ' _ ! -
[Fotassium | 7440087 INORG | : ' - l :
[Pyrene [ 129000 | SvOC A ' '




TABLE 1

SOURCE OF CONNECTICUT REMEDIATION STANDARDS
CTO 260 LOWER SUBASE Rl
NEW LONDON, GROTON, CONNECTICUT

PAGE 4 OQOF 4
[ Basis of Value t0 be Usea in RI Report
Chemical CAS Chemicai Promuigated Calculated Surrogats
Number Fraction Value'"! value'? Calculated
Value'¥
Seienium 7782492 | INORG | X |
Silver 7440224 | INORG | X | i
Sodium - | 7440235| INORG | < I - & |
Styrene \ 100425 voC | X | |
1,1.2.2-Tetracnioroetnane 79345 voc | X f
Tetracnioroethylene 127184 vOC X i
Thallium 6533739 | INORG X | |
Toluene 108883 vQC X | i
Toxaonene 8001352 PEST X {
1.2.4-Trichioropenzene 120821 SVOC X I
1.1.1-Trichioroethane | 71556 vOC X
1.1.2-Trichicroethane | 790051 VOC X :
Trichiorcetnviena 79018 vOC X | !
2.4.5-Trichiorophenci 95554 sSVOC X ! |
2.4.6-1nchioropnenol 88062 | SVOC l X | '
Vanacwum 7440622 | INORG X | 1 !
Vinyi chionge 75014 vOC X l
Xylene (total) 1330207 | vOC X |
Zinc 7440666 | INORG X | !

INORG Inorganic

PEST Pesticide

SVOC  Semivolatile organic compound
vOoC Volatile organic compound

State of Conneciicut Remeaiation Standarg Reguiations, Section 22a-132k (January 16S6). ‘
Published toxicity cnteria is avaiiable. Toxicity cntena from the curent USEPA Regicn il Risk-Sasaa
Concentration Table (Ocioter 22. 1997) will be used to calculate a vaiue using the mewtccolcgy
presented in the State guidance (January 1996).
3 No toxicity crteria is available. Toxicity cntena for a similarly struciured chemical (notea
in parentheses) will be used to caiculate a value.
4 Region | does not agvocate a guantitative evaluation of this chemical. Exposure to this crhemicai wil
be addressed in a qualitative fashion.
5 No promuigated value or published toxicity criteria are available. A simiiarly structured chemical with
cublished toxicity criteria couid not be identified. Exposure 0 this chemicai wiil be acaresseg in a
gualitative fashion.

S

§ Chemical is an essenual nutnent.

7 Value for chiordane is used.

8 Value for hexavalent chromium is used for conservative purposes.
S Value for endosuifan is used.



TABLE 1

SOURCE OF CONNECTICUT REMEDIATION STANDARDS
CTO 260 LOWER SUBASE R!

" NEW LONDON, GROTON, CCNNECTICUT

PAGE 1 OF 4
Sasis of Value to be Usea in Rl Report ]
Chemicai CAS Chemical { Promuigated Caiculated Surrogate
Number | Fraction Valye'!! Valye? Calculated
Yalye? i
Acenapnthene 83329 SvoC X |
Acenapnihyiene 208968 SVOC X |
Anthracene 120127 SVOC X !
Acetone 67641 vOC A !
Aldnn 308002 | FEST X l
Aluminum 7429505 [ INORG 2 o @ |
Antmony 7440360 | INORG X !
Arsenic 74402382 INORG X }
Banum 7440383 INORG X i
Eenzene 71432 vOC X ;
Eenzta)anthracene 36553 sSvocC X !
Eenzotb\fiucrantmene 205892 SVQOC X
Benzoikfiuoranthene 207089 SVOC X !
Benzoig,h,)peryiene 191242 sSVOC X i
‘ovrene) ;
Benzotaloyrene 50328 SVOC X | !
Benlium 7440417 | INORG X | !
BCH (aicha-) 319846 PEST X |
BCH (beta-) 319857 PEST X !
BCH (cena-) 319868 | PEST X |
(alona-8HCY .
BCH (gamma-: Lindane) 58899 PEST X !
Bis(2-chloroethoxy)methane 111911 sSvoc A 3 "s) |
Eis(2-chloroethvilether 111444 SVOC X !
Eis(2-ethvihexvilohthalate 117817 | SVOC X '
SBromocnicromethane 74975 vQC X ‘
{bremcaichicre-

methane) :
gremccicnicrcmetnane 75274 ¥OC | 5 bl { ;
Bromofarm 75252 vOC | < { ! ’
Bromomethane 74839 vOC | | X | '
d4.Bremconenvi-onenviether 101553 SvOC I X '
2-Eutanone 78933 vOC X l
Butbenzviphthaiate 85687 | SVOC X !
Caamium 7440439 INORG | X !
Calcum 7440702 | INORG | o 9 - !
[Caroazole 867481 SVOC | X ‘
Carpon aisuffide | 75150 voc | I X ! ;

Careen tetracnicnae 26235 vOC | . 1 I
Chloraane (aloha-) 57749 FPEST X | | f
Chlorgane tgamma-) 37749 SEST X | ! !

4-Chicroanmne 106478 SVCC | £ '
Chiorccenzene | 108807 VOC | < ! ! f
Chloroaicromometnane 124481 vOC < | i '
Chioroetnane 75003 voCc | I X | !
Chioroform 57663 vOC | < [ l '
Chlorcmetnane [ 74873 | vOC | ] X I . !
[4-Chicro-3-metnvicnenor { 29507 | 3svoC | = ! - | - :

(%]

Sewvsion * -

4

n)

m



TABLE 1

SOURCE OF CONNECTICUT REMEDIATICN STANDARDS

NEW LONDON, GROTON, CONNECTICUT

CTO 260 LOWER SUBASE RI

PAGE20F 4
Rasis of Value to be Used in Rl Report ot
Chemical CAS Chemical Promuigatea Calcuiated Surrogate i
Number .| Fraction Vaiye" Vaiue'™ Calcutated
Vaiye'?
Z-Chlorcnaonthalene 91587 sSvoC X
2-Chiorconenot 95578 SVOC X
4-Chloropheny-phenyiether 7005723 sSVOC X
(4-Bromophenyi-
ohenviether)
Chromium (total) INORG x?
Chrysene 218019 SVOC X
Cobatt 7440484 | INORG X
Cooger 7440508 | INORG @ @ o
4.4-000 72548 PEST | X
4.4'-DDE 72559 PEST | X
4.4'-00T 50293 PEST | X
Dibenzoturan 132649 SVOC t X
Oibenzia.h)anthracene 53703 SVOC [ X ]
1.2-Cibromo-3-chioroprocane 96128 vQcC | X
1.2-Oibromoethane 106934 vOC X
1,2-Oichlorobenzene 95501 | vOC/SVOC X |
1,3-Dichiorobenzene 541731 | VOC/SVOC X
1.4-Dichiorotbenzene 106467 | vVOC/SVOC X
3.3'-Dichiorobenzicine 91941 SVOC X o
1,1-Dichioroetnane 75343 vOC X T
1.2-Dichioroethane 107062 voC X
1.1-Dichlorcetnene 75354 vOC X
1.2-Richicroethene (c:s-) 156592 vOC X
1 Z-Dichicroethene (trans- 156605 vOC X I ! |
1 Z-Dichicreethene itotai) 186605 vOC ! X ! l
1Z.3-Cichicreonenal 1208321 SVOC | < i | |
{1 2-Cicniercoropane 78875 vOC | 3 I i !
|+ 3-Dichicrooropene (cis-| 242756 voC | X ! | !
+.3-Cichicrccropene (1rans- 542756 voCc | < | | i
Cieiann 50571 | FEST X i ! |
Ciethvi chthaiate 84662 | SVOC | X '
2.4-Cimetnviphenol 105679 SvVOC | X |
Cimetnviohthalate 131113 ] SVOC X '
Di-n-butvionthaiate 84742 | sSvOC X | '
|Ci-n-ccvicntnarate 117840 SVOC X | | '
"4 2.0inftre-Z-metnvicrerct S34521 SvQoC | | X | !
2.4-Cintrecnenot 21288 SVCC | A ! :
2.4-Dinrctoivene 121142 SVQC | X | |
2. 8-Cinnrctoizene 806202 SvOC | X | i
Sndosuttan | 115297 2EsT | x® | |
Ercesutan !l 1182971 »oesT | ] Pl [ I
iEncosurfan surate 1031078 PEST l X l
tencosurfan)
'Snann 72208 SEST X | { -
Snann aicenyae 7421383 | FEST | ' ‘, X ‘
| fenann)
Snarnn xetone £3494705 ZEST I X
angnni

Rewvmsion 1 - 220/



TABLE 1

SQURCE OF CONNECTICUT REMEDIATION STANDARDS
CTO 260 LOWER SUBASE R!

" NEW LONDON, GROTON, CONNECTICUT

PAGE 3 OF 4
Sasis of Value to be Used in Rl Repornt
Chemical CAS Chemical | Promuigated Calculated | Surrogate
Number | Fraction value'" Value¥! Calcuiated '
Value?!
Ethvibenzene 100414 vOC X
Flucranthene 206440 SvoC X
Fiuorene 86737 SvQC A
Heotacnior 76448 PEST X |
Heotachior epoxige 1024573 PEST X
Hexachicrobenzene 118741 SvQC X
Hexachiorobutadiene 87683 | . SvOC X
Hexacnlorocycicpentadiene 77474 SVvQC X
Hexacnioroethane 67721 SVOC X
Z-Hexanone 73663718 vOC X !
incenot1.2 3-caipvrene 193395 SvOoC X '
lron 7439896 | INORG v ° o |
Isoonarone 78591 SVCC X
Leaa 7439291 | _INORG X _
Magnesium 7439954 | INORG o “ a
Manganese 7439965 INORG X
iMercury 7439976 INORG X
Methoxvenior 72435 PEST X
Methviene cnionge 75092 vOC X
2-Metnvinapnthaiene 91576 SVOC X
4-Methvi-2-pentanone 1084101 vOC X
2-Metnviorenol 95487 | SvOC X
4-Methviphenol 106445 1 SvOC X
[Napntnaiene 91203 SvoC A
| Nicket 7440020 INCRG X
[Z-Nrrcanmne 88744 SvoC ! X
{3-Nnroanune 95092 | _SVOC | ! b ' s
<-Nircanuine | Q00161 3IVOC | i < 1 i
iNtrcoenzene | 28953 | SvoC | I X ! !
2-Nracnenor 38755 | SvOC X
f4.nftrocnenon
4-Nrrocnenol 100027 | SVOC | | X '
N-Nrrosocichenviamine 86306 SVOC { X !
N-Ntrosogi-n-oropviamine 521647 SVOC ! X
2.2-Oxveist 1-chlorocreccane) 108601 svoc | © ‘ » > ’
Fentacnicrcohenol 87865 SVOC | X ! !
iZhenartnrene 35018 SVOC ! 3 ! ! |
‘Znenor | 08882 | sSvOC | ¢ ! _ i |
Zotassium | 7240097] :NORG | i = ’ ':‘ |
iSvyrene | 1260001 3VOC i x i ‘
Taerm | TTIZaeI . NCEZ )
[Siver | 74402241 NORG | 4 ; | _ !
(Soawum 7440235 | :NORG | f l 2 ‘
Stvrene 7004251 VOC | X I I !
[1.1.Z.2-Terracnioroethane 79345 | vOC | x I [ !
[Tetracriorcetnviene 127184 vOC | < | | |
[ Thathum | BE33739! NORG | X ! l !
T=aiiene | “CB8B3 | SCC ) :
ITzxacnenre | 80013821 ==57 ‘ I
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TABLE 1

SOURCE OF CONNECTICUT REMEDIATION STANDARDS

CTO 260 LOWER SUBASE RI
NEW LONDON, GROTON, CONNECTICUT
PAGE 4 OF 4
Basis of Value to be Used in R| Reporr |
Chemical CAS Chemicai Promuigated Calculated Sur -gate '
Number | Fraction value'" Vaiue? Cal: .iateq |
Vawe'
1.2.4-Trichicrobenzene 120821 SVOC X
1.1.1-Trchicroethane 71556 voC X
1.1.2-Trichioroethane 79005 vOoC X
Trichioroethviene 79016 vOC X
2.4.5-Trchioroohenot 95954 SVOC X
2.4.6-Trichloropnenol 88062 SVOC X
Vanaoium 7440622 INORG X
Vinyi chlonde 750L4 vocC X
Xyiene {total) 1330207 vOC X
Zinc 7440666 INORG X
INORG Inorganic
PEST Pesticide
SVOC  Semivoiatie organic compound

voC

1

Volatile organic compound

State of Connecticut Remeciation Standard Regulations. Section 22a-123k (January 1996).
Published toxicity criteria is available. Toxicity crteria from the current USEPA Regron |l Risk-Based
Concentration Table (Octcber 22, 1997} will be used to caicuiate a vaiue using the methodology
presented in the State guidance {January 1996).

No toxicty crtena 1s avallable. Toxicrty critena for 3 similarty structurea chemical (noted

n parentheses) will be used to caiculate a value.

Region | does not advocate a quantitative evaluation of this chemical. Exposure to this chemical will

No promutgated vaiue or published toxicity criena are avallable. A simiarty structured chermical with
outiished toxcnty critena could not be icentfied. Exposure to this cnemical wil te acdressecin a

Vaiue for hexavaient chromium i1s used for conservagve purposes.

2

3

4
be addressed in a gualitatve fashion.
Juaitative fashion.

Z Chemicais an essenual nutnent.

T Value for chiordane 1s useq.

8

8 Vaiue far encosuifan 1s used.
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TABLE 2

CALCULATED AND SURROGATE CALCULATED VALUES
CTO 260 LOWER SUBASE RI|
HLW LLONDON, GROTON, CONNECTICUT

PAGE 1 OF 3
Published Toxclological Criterta'” Calculated Remediation Standards®™
Groundwaler
Chemical RID,,., CSF,.. Soll {ing/kg) {ug/L)
(mg/kgiday) (kg/day/mg) RES DEM uc pe' GAIGAA PM GB PM GAIGAA
GP

Acenaphthene 6.00€-02 NA 1000"! 2500" 8.4 84 420
Aldrin 3.00E-05 1 70E+01 0.036 034 0.000041 0.00041 0.0021
Benzo(g.h.i)perylene NA NA 1000 2500"9 567 56" 280"
BCH (alpha-) NA 6 30E+00 0.097 0.91 0.00011 0.0011 00056
BCH (beta-) NA 1 80E+00 034 32 0.00039 0.0039 0.0194
BCH (delia-) “NA NA 0097 091® 0.00011® 00011™ | 00056
Bromachloromethane NA NA 47 440" 0.054"" 054" 27
Bromadichloromethane 2.00E-02 6 20€-02 99 92 0011 0.11 0 66
Bromomethane 1.40€-03 NA 95 1000 02 2 98
4-Bromophenyl-phenylether 5.80E-02 NA 50019 1000"0 82 82 410
Carbazale NA 2 0OE-02 3t 290 0.036 0.26 1.8
Carbon disulfide 1 00E-01 NA 5001 1000'" 14 140 700
4-Chloroaniline 4.00€-03 NA 270 2500') 0.56 56 28
Chloroelhane 4.00E-01 2 90E-03 210 1000"% 024 24 12
Chloromethane NA 1 30E-02 47 440 0.054 054 21
4-Ch|oro—3-melhy|phenol NA NA 1000m 2500 7:‘“ 70m 350
2-Chloronaphthalene 8 00E-02 NA 10007 25007 1 110 560
4-Chloraphenyl-phenylether NA NA 5000 1000 8.2 82® 110"
Chiysene NA 7 30€-03 B84 780 0.096 096 48
Cobalt 6.00E-02 NA 1000'" 2500™ 220001011 22000 K10 220
4.4-DDD NA 2 40E-01 26 24 00029 0.029 015
4.4-DDE NA 3 40E-01 18 17 0 0021 0.021 01
4.4.DDT 5.00E-04 3 40E-01 18 17 00021 0021 01
Nibenzofuran o 4 00E-03 NA 270 25000 056 56 28
Dibenz(a.h)anlhracene o NA 7 30E+00 0084 078 0 000096 0 00096 0 0048
1.2-Dibromo-3-chloropropane NA 1.40F 100 0.44 4.1 0 0005 0 005 0025
1.2-Dibromoethane NA 8 S0E +01 00072 0.067 0 0000082 0 000082 0 00041
3:3‘»Dich|0|obenzidine NA 4 50E-01 14 13 00016 0016 0078
1.2-Dichloroethene (lotal) . 2 00E-02 NA 50010 10007‘;: 28 28 1 «4,(:)
Diethyl phthatate 8 0OE 01 T nal T 1000® 2500 110 1100 S




TABLE 2

CALCULATED AND SURROGATE CALCULATED VALUES
CTO 260 LOWER SUBASE RI
NEW LONDON, GROTON, CONNECTICUT

PAGE 2 OF 3
Published Toxclological Critoria™ Calculated Remediation Standards'™
Groundwater
Chemical RIDg o CSF,,. Soll (mg/kg) (ught)
(mg/kgiday) {kg/day/mg) RES DEM vc oe™ GAIGAA PM GB PM GA/GAA
GP

2.4-Dimethylphenol 2 00E-02 NA 1000'Y 2500 2.8 28 140
Dimethylphthalate 1 00E +01 NA 1000™ 25001 1400 1400 70000
4.6-Dinitro-2-methylphenol 1 00E-04 NA 68 200 0014 014 07
2 4-Dinitrophenol 2 00€-03 NA 140 2500"" 0.28 28 14
2.4-Dinitrotoluene 2 00E-03 NA 140 2500'Y 0.28 28 14
2 6-Dinitrotoluene 1.00E-03 NA 68 2000 0.14 14 7
Endosulfan | 6.00E-03 NA 410 1200 0.84 84 42
Endosulfan Il 6.00E-03 NA 410 1200 084 B4 42
Endosulfan sullale NA NA 410™ 1200™9 084 FYUL] 4211
Endrin aldehyde NA NA 2000 610 NETD NET NEY
Endrin ketone NA NA 20" 610" NEM™ NE™Y Nel™
Hexachlorobutadiene 2.00€-04 7 BOE-02 79 73 0.009 009 045
Hexachlorocyclopentadiene 7.00E-03 NA 470 2500' 0.98 9.8 49
2-lexanone 4.00E-02 NA 500" 1000™ 5.6 56 280
Indeno(1.2.3-cd)pyrene NA 7.30E-01 084 78 0.00096 0.0096 0045
isophorone 2 00E-01 9 50€-04 640 250019 074 74 37
Manganese 2 30E-02 NA 1600 47000 5070 500""M'4 160
2-Methylnaphihalene 4.00E-02 NA 1000™ 25001 56 56 280
2-Melhylphenol 5 00E-02 NA 1000"" 2500 7 70 350
4-Melthylphenol 5.00E-02 NA 340 25001 0.7 7 15
2-Nitroaniline 6 00E -05 NA 41 1200 0.0084 0.084 042
3-Nitroaniline 3 00E-03 NA 200 25001 042 42 21
4-Mitioaniline 3 DOE-03 NA 200 2500' 042 42 21
Nitrobenzene 5 00E-04 NA 4 1000 007 07 3 ?5
2-Nitrophenol NA MA 54009 25001 1.10% 111% 561
4-Nitrophenal 8 00E-03 NA 540 25000 11 1 56
N-Nitrosodiphenylaniv NA 4 90E-0] 130 :]20;) 0%(1);1 - ‘u% S 70‘;5
N-Nitrosadi-n-propylasiine NA 71.00E+00 0.088 8 i
Phenanlluenep = NA NA 1000™ 2500 56% 561 260
124 Tichlorobenzene |1 00E 02 NAl__ 680 o0 | e [ 0




TABLE 2

CALCULATED AND SURROGATE CALCULATED VALUES

CTO 260 LOWER SUBASE RI
NEW LONDON, GROTON, CONNECTICUT
PAGE 3 OF 3
Published Toxclological Critera’" Calculated Remedlation Standards’™
Groundwater
Chemical RID,, . CSF... Soll {mg/kg) {ught)
(mg/kg/day) (kg/day/mg) RES DE™ vc pe™ GAIGAA PM GB PM GA/GAA

GP
2,4.5-Trichlorophenol 1.00E-01 NA 10001 2500 14 140 700
2.4,6-Trichlorophenol NA 1.10E-02 56 520 0.064 064 32

RID

CSF

RES DE

I”C DE
GA/GAA PM
GB PM
GAJGAA GP
NA

NE

Reference dose

Cancer slope laclor

Direct exposure criteria for residential land use

Direct exposure criteria for industrial/commercial land use.
Pollulant mobility crileria for a GA/JGAA classified area
Pollutant mobility criteria for a GB classified area
Groundwater proleclion critena for a GA/GAA classified area
Not avaitable

None established by Conneclicul DEP (January 1996)

| Values obtained from current USEPA Region i Risk-Based Concenlration Table (October 22, 1897)
2 Calculated using methodologies presented In State guidance {January 1996).

Calculated value for direct exposure for volatile and semivolalile organics Is replaced with the appropriate ceiling limit if the calculated value exceeds
the ceiling limit. Ceiling fimiit lor volaliles is 500 mgikg for residential expasure and 1000 mg/kg for industrial/commercial exposure. Ceiting limit for

semivolatiles is 1000 mg/kg for residential exposure and 2500 mg/kg for industriat/commercial exposure

Ceiling limit. Calculaled value exceeds the ceiling limit.

4-bromophenyl-phenylether is used.
for aqueous unils (ugh.) and is based on SPLP or TCLP analylical results.

4

5 Value for naphthalene is used

6 Value lor alpha-BHC is used

7 Value for chloromethane is used.
8 Value for 3-methylphenol is used
9 Value for

10 Value is

11 Valueis

based an the Region 1l RBC for lap waler (2200 ug/l)

12 Value for endosulfan is used
13 Value for endrin is used.
14 Value is based on the secondary Federal MCL for dninking water (50 ug/L).

15 Value for 4-nitrophenol is used. .



. TABLE 2 .
CALCULATED AND SURROGATE CALCULATED VALUES
CTO 260 LOWER SUBASE RI
NEW LONDON, GROTON, CONNECTICUT
PAGE 1 OF 3
_Published Toxclological Criteria'" _ Calculated Remedlation Standards™
Groundwater
Chemlaal R, CSF,,., Soll (mgikg) ) (ugfL)
(mgikgiday) (kg/day/mg) RES pe™ uc pe™ GAIGAA PM GB PM GAIGAA
Gp
Acenaphihane Y  NA 100079 2500/ 8.4 84 420
Akdrin } ____ 300E05 170E 01 0036 0.34 0.000041 000041 0 0021
Bunzofghiperylone | NA  NA 1000% 25009 R 40 200
BCH (alpha-) ™~~~ _TNAlT B3¢0 0097 0.91 0 00011 00011 0.0056
BCH (beta;) —_— NA 1 B0E +00 0.34 32 000039 0.0039 0.0194
BCH (dlelta-) NA NA[ o097 091® 000011® 00011™ 00056"
Bromochloromethane NA NA 9.9™M 92" 001" 011™M 056"
Bromodlch'o(omethana 2 00E-02 6 20€-02 99 92 0.011 0.11 0.56
Bromomethane 1.40E-03 NA 95 1000 02 2 98
4-Bromophenyl- phenylelher 5 BOE-02 NA 500'" 1000t 82 82 410
Carbazole NA 2.00E-02 3 290 0.036 0.36 18
Caihon disulfida ] 1 00E-01 NA 500 1000'" 14 140 700
4 Chloroanifine 4.00E-03 NA 270 2500'" 0.56 56 28
Chloroothane 4 00E.01 2 90€.-03 210 1000™ 0.24 2.4 12
Chioromothans _ NA 130E-02 47 _ 440 0.054 054 27
1 Chioro 3 methylphonol Y T NA® NA NAT . nAf NA®
2 Chloronaphthatene 17" g QE02( . bAl oo 2500™ _ 11 _ 10 . 560’
l Chtatophenyl Phunylether o NA L L 5009 . 10009 82" 8% 4109
Chrysene B A NA 7 30€-03 84 780 0.096 0.96 48
Coball o 6 00E.02 NA 100017 250000 20/ 2000 220
A0 T T e —— 240E-01 26 24 00029 0029 0.15
A9DDE_ T RN NA 3 4DE-01 18 17 00021 0021 01
44007 T T e 00E-04 3.40E-01 1.8 17 00021 0.021 01
Dibenzotwan B 4 00E 03 NA 270 25001 056 56 28
Dibenz{a hjanthvacene 1 MA 730600 _0o0B4 078 0000096 | 000096 00048
1.2 Dibiomo 3 chiniopiopane . THAR 1 40E 00 044 a1 _ 0 0005 0005 0.025
1.2. f)lln omoetliane MA 8 S0E+01 00072 0067 0 0000082 0 000082 0.00041
'):'i Dlrl\lomhumdun‘ _N ____ 7:__ MNA 4 50E-01 14 13 0.0018 0016 0.078
1.2 Dichiloroetiwne flatal) | g00E-03 ___NA son'" 1000 12 12 63
Diethy! phthalate ,._ | 8 00E-01 NA 1000'" 2500' 110 1100 5600
A Dmethyphanol 1 200602) T NAlT jo0a™ 250019 28 28 140
Puncllylphthalate | vo0ga0| T T Al T 000 25007 1400 14000 70000




CALCULATED AND SURROGATE CALCULATED VALUES

TABLE 2

CTO 260 LOWER SUBASE RI
HEW LONDON, GROTON, CONNECTICUT

10D Ruforence dose
CSk Cancer slope taclu

R mnsinn

PAGE 2 OF 3
Published Toxclological Criterfa'" Calculated Remediation Standards™
Groundwater
Chemical RID,,,, CSF,,, Soll (mg/kg) (ug/L)
{mpikglday) (kgtdayimg) RES DE™ vc pe® GAIGAA PM GB PM GAIGAA
GP

4 6-Dinitro-2-methylphenol 1 00E-04 NA 6.8 200 0014 014 07
2 4-Dinitrophenal 2.00E-03 NA 140 2500'% 0.28 28 14
2.4-Dinilrotoluene 2.00E-03 NA 140 250010 028 28 14
2.6-Dinitrotoluene 1.00E-03 NA 68 2000 0.14 1.4 7
Endosulfan | 6 00E-03 NA 410 1200 0.84 8.4 42
Endosulfan I 6 00E-03 NA 410 1200 064 84 42
Endosulfan sulfate NA NA 410" 1200'"% 084" 842 2"
Endrin aldehyde NA NA 2" 610’ NE!™ NE'Y NE!™
Endrin ketone NA NA 20% 610/ NE'™ NE(S NEW
Hexachlorobutadiene 2.00E-04 7 80E-02 79 73 0.009 0.09 0.45
Hexachlorocyclopentadiene 7.00E-03 NA 470 2500'" 0.98 9.8 49
2-Hexanone 4,00E-02 NA 500'Y 1000t 5.6 56 280
indeno(1,2.3-cd)pyrens — NA 7 30E-01 0.84 78 0.00096 0.0096 0.045
isophorone 2 00E-01 9 50E-04 640 2500"! 0.74 7.4 37
Manganese 2.30E-02 NA 1600 47000 Rl 500K 160
2-Methylnaphthalene 4.00E-02 NA 1000'" 2500 56 56 280
2-Mathylphenol B 5 00E-02 NA 1000'" 2500'" 7 70 350
4-Methylphenol 5.00E-03 NA 340 2500'" 0.7 7 35
2-Nitroaniline 6.00E-05 NA 41 1200 0.0084 0.084 0.42
3-Nitroaniline 3 00E-03 NA 200 2500 0.42 4.2 21
4-Nitroaniline 3.00£-03 NA 200 25001 o.4§ ;g ;Ms
Nitobenzene 5.00E-04 NA 34 ~1000 0.0 . .
2 Nitrophenol _ NA NA| 540" 25001 1™ 1 56"
4-Nitrophenol 8 00E-03 NA 540 2500'" 11 1 56
N-Nitrosodiphenylaniine - NA 4.90E-03 130 1200 0.14 14 7.1
N-Nitrosodi-n-propylamine B NA 7 00E +00 0088 0.82 0.0001 0.001 0 005
1,2.4-Trichlorabenzene o 1 00E-02 NA :33 - 25(50)2":: ‘ 14 ‘1440 77(2)
2.4 5-Trichloroph 1.00E-01 NA 1 2 14 140 A
iiamfﬁ;e.m o NA 1 10E-02 56 520 Q064 064 32

AW



: TABLE 2
CALCULATED AND SURROGATE CALCULATED VALUES
CTO 260 LOWER SUBASE RI
NEW LONDON, GROTON, CONNECTICUT
PAGE 3 OF 3
RES DE Direct exposure crileria for residential land use
IC DE Direct exposurs crileria for industriallcommercial land use.
GA/GAA PM Pollutant mobility criteria for a GAJGAA classified area
GB PM Pallutant mability criteria for a GB classified area
GAIGAA GP Groundwaler protection criteria for a GA/GAA classified area
NA Not available
NE None established by Connecticut DEP (January 1996)

1 Values oblained from current UISEPA Region Il Risk-Based Concentration Table (October 22, 1997)

Calculated using methodologies presentad in State guidance (January 1996).

Calculated valua for direct exposure for valatile and semivolatile organics is replaced with the appropriate ceiling kmit if the calculated vakie exceods
the ceiling limit. Cetling limit for vo'gtiles is 500 mg/kg for residential exposure and 1000 mg/kg for industristcommercial exposure. Celling limit for
semivolatiles is 1000 mg/kg for residential exposure and 2500 mg/kg for industrial/commercial exposure,

Ceiling kmit. Calculated valus exceeds the ceiling lmit_

Value lor pyrene is used.

Value for alpha-BHC is used

Value for bromodichioromethane is used.

Chemical will be addressed qualitatively at CTEP's request

Value for 4-bromophenyl-phenylether is used.

10 Value is for aqueous units (ug/l ) and is based on SPLP or TCLP analytical results.

11 Value is based on the Region ill RBC for tap water (2200 ug/l )

12 Value for endosulfan is used.

13 Value for endrin is used.

14 Value is based on the secondary Federal MCL for drinking water (50 ugL ).

15 Value for 4-nitrophenol is used.

Lo
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Fomtor i72,
mel Adorse- O

&A= Brown & Root Environmental Pitsure, - om o

A Divipion of Hakburton NUS Carporavon 41yt

en

FAX:{(S121eli

C-49-03-8-156

March 20, 1998 : TR
Brown & Root Environmental Project Number 7237 .

Mr. Mark Lewis

Connecticut Department of Environmentai Protection .
VWater Management Bureau Lo
Permitting, Enforcement, and Remediation Division
Federal Remediation Program

79 EIm Street

Hartfard. Connecticut 06106-5127

Reference: CLEAN Contract No. N62472-30-0-1298
Contract Task Order No. 0260

Subject: Responses to CTDEP's Comments on Calculated Remediation Standards
Lower Subase Remedial Investigation
Naval Submarine Base - New London, Groton. Connecticut

Dear Mr. Lewis:

Brown & Root (BAR) Environmental and the Navy received your February 27, 1998 comment |etter
regarding the Remedistion Standards that were calculated for use in the Lower Subase Remedial
Investigation. Responses to CTDEP's comments have been prepared and the appropriate revisions
nave been made to Tables 1 and 2. which were previously enclosed in E&R Environmental's Oecemoer
23. 1997 letter. B&R Environmental. on the behaif of the United States Navy, Northem Oivision
Facilities Engineering Command and Naval Submarine Base - New London. has enclosed the Navy's
responses to CTDEP's comments and the revised tables for your review and approvat.

If you have any questions regarding the responses or the information provided in the revised t;bles.
please contact Mr. Mark Evans at (610) §95-0567 (ext. 162) or me at (412) 921-8244. It is anticipated
1hat any remaining issues can be resolved during a conference call.

Very truly yours,

oy o LA
sy L €.

cz:%mmmeﬁ/

Profect Manager

Enclosure(s)

c: Mr. Roger Boucher, NORTHDIV (letter only)
Mr. Mark Evans, NORTHDIV
Mr. Andy Stackpoie, NSB-NLON Environmental
Mr. John Trepanowski, B&R Environmental
Mr. Daryl Hutson, B&R Environmental (letter oniy)
Ms. Karen Smecker, B&R Environmental
File: CTO 0260



RESPONSES TO CTDEP’S COMMENTS (2/27/98)

ON THE CALCULATED CTDEP REMEDIATION STANDARDS (12/23/97)
CTO 260 - LOWER SUBASE REMEDIAL INVESTIGATION
NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT
MARCH 20, 1998

. SURROGATE CHEMICALS USED TO SUPPLY TOXICITY VALUES
Comment:

1. The Navy has used naphthalene as a surrogate to represent the
benzo(g.h.l)perylene. As noted in Dr. Ginsberg's memorandum, pyrene

toxicity of

mg/kg/d) is a more appropriate surrogate. The RfD for naphthalene has been withdrawn
from IRIS. Please recaiculate the direct exposure, poilutant mobility, and ground water
protection criteria for benzo(g,h,i)perylene using this approach. This approach is
appropriate for a screening level risk assessment. However, the uncernainties invoived
with this approach shouid be acknowledged if these two chemicais are found to be major

risk drivers at the site.
Response:

The direct exposure, poliutant mobility, and groundwater protection

benzo(g,h.i)perylene wiil be recalcutated using pyrene as a surrogate. Senzo(g.h.i)peryiene was
detected in soil and groundwater at the Lower Subase but was not found to be a major risk driver
at any of the zones that were evaluated in the risk assessment. Benzo(g,h.i)perylene was only
identified as a COC in groundwater at Zone 4 where it was detected in one sampie at a
concentration exceeding the State's Ambient Water Quality Critena (AWQC) for the protection of
human heaith. Consequently, this does not have any impact on the human heaith risk

assessment.

Comment:

2. It is unclear why the Navy calculated criteria for phenanthrene since the regulations list
direct expaosure, pollutant mobility, and groundwater protection criteria for this
compound. Please use the criteria listed in the Regulations for this tompound. The Navy
should either withdraw their request for approval of criteria for phenanthrene, or, if the
Navy is requesting approval of alternative criteria for this compound under the

Regulations, the Navy shouid so state.

Sesponse: .
p

The Navy retracts its request for approval of critena for pnenanthrene. The promulgated ¢ntena
for phenanthrene were vused in the setection of COCs in the human heafth rsk zssessment

Cansequently, this does not have any impact on the human heatth risk assessment.

1of 4



Comment:

3. Bromodichloromethane should be used as a surrogate for bromochiorome-hane Please
use the criteria calculated for bromodichloromethane in place of those - :ul- - using
chloromethane as a surrogate.

Response:

Bromodichioromethane will be wused as a surrogate  for mochioromethane.
Bromodichloromethane was not detected in soil and groundwater samples r any of the zones
evaluated in the human health risk assessment, consequently this does not have any impact on

the analysis.
Comment:
4, The Navy's proposai to use 3-methylphenol as a surrogate for 4chloro-3-methyiphenol is

not appropriate, due to structural differences between the two compounds. The use of a
qualitative risk assessment would be acceptable assuming that concentrations of this
chemical dp not exceed the low part-per-billion range. Please see Dr. Ginsberg's
comments for additional details.

Response:

No criteria will be developed faor 4-chloro-3-methyiphenol. Instead, as suggested. 4-chloro-3-
methylphenoi will be evaluated qualilatively. 4-Chloro-3-methylphenol was only detected in one
soil sampie at the Lower Subase and at a low concentration (34 ppb), consequently, this coes not
have any impact on the human heaith risk assessment.

il. INCORRECT OR UNSUPPORTED POTENCY VALUES

Comment:

S. Several of the CSFs or RfDs used by the Navy appeared to be incorrect, based on a
comparison to the values listed in the EPA Region iil Risk Based Concentrations table.
IRIS, or HEAST. Please recaiculate the direct exposure, pollutant mobility, and ground
water protection criteria using correct values for total 1,2-dichloroethene. Please assume
that this value penains to the mixture of cis and tans isomers. The RfD for the mixture
should be 9E-3 mg/kg/d.

Respanse:

The girect exposure, pollutant mobility, and groundwater gratection criteria for total 1.2-
dichloroethene will be recalculated using an oral reference dose of 9E-3 mgrkg/day. This
revision does not impact the human health risk assessment since all detected concentrations of
total 1.2-dichioroethene are less than the recalculated cntena.

20f 4



Comment:

5. The Cepartment was unable to verify the potency factors listed by the Navy for several
chemicals. Please either provide references to support the listed potency factors, or
derive criteria using acceptable surtogates for the follawing compounds: chloroethane,
4,6-dinitro-2-methylphenol, 2-hexanone, and 2-methylnaphthalene. Please note that
naphthalene is not an appropriate surrogate for 2smethyinaphthalene as the RfD for
naphthalene has been withdrawn from IRIS. Please refer to Dr. Ginsberg's memo for
additional guidance.

Response:

The toxicity criteria for chloroethane, 4 .6-dinitro-2-methyiphenol, 2-hexanone, _ and 2-
methylnaphthalene were obtained from the cument U.S. EPA Region il Risk-based
Concentration (RBC) Table dated October 22, 1997. The RBC table cites EPA's National Center
for Environmental Assessment (NCEA) as the source for the values for chioroethane. 4.6-dinitro-
2-methylphenol, and 2-methyinaphthalene. Although not cited in the RBC table, EPA Region |lI
stated in telephone call on March 12, 1998, that NCEA is also the source for the toxicity critena
for 2-hexanone. Therefore. there are no changes necessary to the proposed values.

Comment:

7. The Depanment was unable to verify the RfD listed by the Navy for 4-nitrophenol (8.00E-3
mg/kg/d). Please either provide a reference for the listed value, or use the defauit RfD
currently listed in the RBC tables (6.2E-2 mg/kg/d).

Response:

The current RBC tabie lists 8.00E-3 mg/kg/day as the oral RfD for 4-nitrophenot and cites EPA's
NCEA &s the source for the value. The value of 6.2E-2 mgrkg/day was listed in the previous.
outdated version of the REBC table. Therefore. there are no changes necessary to the proposea
cntena.

(. POLLUTANT MOBILITY CRITERIA FOR METALS

Comment:

8. The ground water protection criterion for cobait was calculated correctly by the Navy.
However, the approach used by the Navy in caiculating pollutant mobility criteria for
cobalt is unacceptable. Rather than using the caiculated ground water protection
criterion (420 ng/l) to establish a pollutant mobility criterion for cobait, the Navy used the
EPA Region Ill Risk Based Criteria for tap water (2,200 ug/L) as the GAA/GA poliutant
mobility criterion. This approach is less conservative than using the calculated ground
water protection criterion. The correct pollutant mobility criteria for cobait, based on the
groundwater protection criteria caicutated by the Navy, are 420 ngiL for a GAA/GA area,
and 4,200 ug/L for a GB area (measurement by TCLP or SPLP).
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Respanse:

The poliutant mobility criteria for cobalt will be changed to 420 ug/L for a GANGA area and
4,200 pg/L for a GB area. This revision has no impact on the human heaith risk assessment
because of the following reasons: (1) none of the histoncal soil sample§ that were anaiyzed by
TCLP had leachates that were analyzed for cobalt, and (2) only the sail samples from Zone &
had SPLP leachates that were anaiyzed for cobalt and all of the results were nondetects.

Comment:

9. The ground water protection criterion for manganese was calculated correctly by the
Navy. Rather than using the calculated ground water protection criterion (160 pg/t) to
establish a pollutant mobility criterion for manganese, the Navy used the EPA Secondary
MCL for drinking water (50 ng/L) as the GAA/GA pollutant mobility criterion. This
approach is acceptable as it is more conservative than using the calculated ground water
protection criterion.

Response:

No response required.

IV. GB POLLUTANT MOSILITY CRITERIA FOR DIMETHYLPHTHALATE
Comment:

10. The GB poilutant mobility criteria listed for dimethylphthalate (1,400 mg/kg) in the Navy's
Table 2 appears to be a typo. The correct value should be listed as 14,000 mg/kg.

Response:
The GB pollutant mobility criteria for dimethylphthalate wiil be correciea to 14.000 mg/kg. This

revision has no impact on the analysis since cimethylpnthalate was not detected in soil samptes
in any of the zones that were evaluated in the human heaith rnisk assessment.

V. BIS(2-CHLOROETHOXY)METHANE

Comment:

11. The Navy proposes a qualitative risk assessment for this compoundt This approach is
acceptable provided that the compound is not present at toncentrations above the iow

part-per-billion range. As noted by Dr. Ginsberg, if it is present above this range, 3 more
quantitative risk assessment may be required.

Response:

Bis(2-chloroethoxy)methane was nct detecied in soit cr groundwater samples for any of the
zones evaluated n the human health risk assessment. consegquently this coes nct have any
impact on the analysis.
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Appendix F (Continued):
Human Health Risk Assessment Supporting Documentation
Sections: F.3 through F.7
(pages 90-218)
are available
in a separate file (size: 5.5 MB).

Click here to view.




Appendix F (Continued):
Human Health Risk Assessment Supporting Documentation
Section: F.8
(pages 219-317)
is available
in a separate file (size: 3.8 MB).

Click here to view.




Appendix F (Continued):
Human Health Risk Assessment Supporting Documentation
Section: F.9
(pages 318-403)
is available
in a separate file (size: 2.4 MB).

Click here to view.




Appendix F (Continued):
Human Health Risk Assessment Supporting Documentation
Sections: F.10 through F.12
(pages 404-500)
are available
in a separate file (size: 2.8 MB).

Click here to view.
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